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PREFACE

The International Library of Technology is the outgrowth
of a large and increasing demand that has arisen for the
Reference Libraries of the International Correspondence
Schools on the part of $hose-who» are .npt..stu.dents of the
Schools. As the volumg¥ g fompesing this -Iﬂ)rary are all
printed from the same plates‘use;t ip;printing the Reference
Libraries above mentioned; a. Eeﬂv:.mdcds are necessary
regarding the scope and pufpds€ vf'1hd Mstruction imparted
to the students of—and the-éfass of “Stidents taught by—
these Schools, in order to afford a clear understanding of
their salient and unique features.

The only requirement for admission to any of the courses
offered by the International Correspondence Schools, is that
the applicant shall be able to read the English language and
to write it sufficiently well to make his written answers to the
questions asked him intelligible. Each course is complete in
itself, and no textbooks are required other than those pre-
pared by the Schools for the particular course selected. The
students themselves are from every class, trade,and profession
and from every country; they are, almost without exception,
busily engaged in some vocation, and can spare but little
time for study, and that usually outside of their regular
working hours. The information desired is such as can be
immediately applied in practice, so that the student may be
enabled to exchange his present vocation for a more con-
genial one, or to rise to a higher level in the one he now
pursues. Furthermore, he wishes to obtain a good working
knowledge of the subjects treated in the shortest time and
in the most direct manner possible.

iii



iv PREFACE

In meeting these requirements, we have produced a set of
books that in many respects, and particularly in the general
plan followed, are absolutely unique. In the majority of
subjects treated the knowledge of mathematics required is
limited to the simplest principles of arithmetic and mensu-
ration, and in no case is any greater knowledge of mathe-
matics needed than the simplest elementary principles of
algebra, geometry, and trigonometry, with a thorough,
practical acquaintance with the use of the logarithmic table.
To effect this result, derivations of rules and formulas are
omitted, but thorough and complete instructions are given
regarding how, when, and uuder what circumstances any
particular fyje, fbt‘m,ula Q:'ptOCcss should be applied; and
whenever pm%lﬂl& LI oF more ekamplcs such as would be
likely to arise in® gctua}..prau.i'ce—togcthcr with their solu-
tions—are glven to ﬁilxst!‘d(e and explain its application.

In preparmg- th,e,., gmt'books it has been our constant
“ehdeavor to view the Matter from the student's standpoint,
apd to try and anticipate everything that would cause him

.#rouble. The utmost pains have been taken to avoid and
correct any and all ambiguous 2xpressions—both those due
to faulty rhetoric and those due to insufficiency of statement
or explanation. As the best way to make a statement,
explanation, or description clear is to givé a picture or a
diagram in connection with it, illustrations have been used
almost without limit. The illustrations have in all cases
been adapted to the requirements of the text, and projec-
tions and sections or outline, partially shaded, or full-shaded
perspectives have been used, according to which will best
produce the desired results.  Ialf-tones have been used
rather sparingly, except in those cases where the general
effect is desired rather than the actual details.

It is obvious that books prepared along the lines men-
tioned must not only be clear and concise beyond anything
heretofore attempted, but they must also possess unequaled
value for reference purposes. They not only give the maxi-
mum of information in a minimum space, but this infor-
mation is so ingeniously arranged and correlated, and the
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indexes are so full and complete, that it can at once be
made available to the reader. The numerous examples and
explanatory remarks, together with the absence of long
demonstrations and abstruse mathematical calculations, are
of great assistance in helping one to select the proper for-
mula, method, or process and in teaching him how and when
it should be used.

This volume treats of storage batteries, incandescent and
arc lighting, and interior wiring. The section relating to
storage batteries has been given special attention, the result
being an exceptionally clear and comprehensive treatise.
The standard types of storage batteries are freely illustrated
and described. Valuable. ; ;nstrudgs are mcvﬁ:led relating
to the installation, care, and operzmon' of"thé cells. In the
sections devoted to mcandesnen‘t -ané “arc lighting, the
various forms of electric lamps, 1pq§10mg the Nernst and
Cooper-Hewitt lamps, are fully de.,cr,ibed ‘ahd the systems
of supplying them with current are well discussed. Arc-
dynamo lamps and switchboards are very thoroughly treated.
In presenting the subject of Interior Wiring, the object has
been to show how work should be done in order to be safe
and in accord with the latest requirements of the Under-
writers. The devices used in wiring work are illustrated
and the many systems of wiring used are described. This
constitutes, the most valuable treatise on Interior Wiring
yet published.

The method of numbering the pages, cuts, articles, etc.
is such that each subject or part, when the subject is divided
into two or more parts, is complete in itself; hence, in order
to make the index intelligible, it was necessary to give each
subject or part a number. This number is placed at the
top of each page, on the headline, opposite the page number;
and to distinguish it from the page number it is preceded by
the printer's section mark (§). Consequently, a reference

such as § 16, page 26, will be readily found by looking along.

the inside edges of the headlines until § 16 is found, and
then through § 16 until page 26 is found.
INTERNATIONAL TEXTBOOK COMPANY
14-B
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2 STORAGE BATTERIES §27

actions in the cell the positive and the negative plates are
reversed in the two operations.

Accumulators may be divided into two general classes:
(1) lead accumulators, and (2) bimetallic accumulators; the
cells now in use are almost wholly of the first class.

LEAD ACCUMULATORS

PLANTE CELL

2. The original lead accumulator, as made by
Planté, consists of two plates of lead, usually rolled
together in a spiral and separated by strips of rubber or
other suitable insulating material, placed in dilute sulphuric
acid. On sending a current from some external source
through this cell, the water becomes decomposed—the
oxygen combines with the positive plate, forming lead
oxide or pecroxide, while the hydrogen collects at the
negative plate.

On disconnecting the source of the applied current, and
completing the external circuit of the ccll, the water is again
decomposed—the oxygen uniting with the hydrogen col-
lected at the negative plate and with the lcad plate itself,
and the hydrogen uniting with the oxygen of the oxide of
lead at the positive plate—thus producing a current in the
opposite direction to the applied current.

Owing to the fact that the formation of the layer of oxide
prevents further oxidation, the amount of chemical change
due to the applicd current is small, so the secondary current
from the cell is of short duration; after this current has
ceased, however, the surface of the positive plate is much
increased, owing to the removal of the oxygen from the lead
oxide, leaving the metallic lead in a spongy form. On
again sending a current through the cell a further oxidation
of this (positive) plate takes place, and by continuing this
process, reversing the current each time it is sent through,
both positive and negative plates become porous to a con-
siderable depth, thus very much increasing the surface on
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wider or narrower in the center, so as to hold the filling of
active material by the dovetailing action of their shape.

After the grids have been filled with active material, they
are set up in pairs in suitable vessels and surrounded by an
electrolyte consisting of sulphuric acid diluted to about 1.17
specific gravity, which density corresponds to about 23 per
cent. of acid in the liquid. A charging current is then sent
through the cell from some external source; the action of
this current decomposes the water, the oxygen of which
further oxidizes the lead oxide (litharge or minium) to per-
oxide, at the positive plate, the hydrogen going to the nega-
tive plate, where it reduces the lead sulphate to spongy lead
by uniting with SO,, forming sulphuric acid. Thus, the
active material becomes lead peroxide on the positive plate
and spongy lead on the negative. By many investigators
this lead peroxide is thought to be hydrated lead peroxide;
that is, it contains a certain amount of hydrogen and oxygen
in excess of the normal peroxide, and is represented by the
formula A,P5,0,. This, as well as many of the actions that
occur in accumulators, is not clearly established as yet.

Continuing the charging current when all the active mate-
rial is thus converted produces no effect, except to further
decompose the water; the resulting gases pass off through
the water, giving it a milky appearance. This phenomenon
is known as gassing, or boiling, and is an indication that the
cells are fully charged.

4. On discontinuing the charging current at the gassing
point and completing the external circuit of the cell, a cur-
rent will flow in the opposite direction to that of the charging
current, the resulting chemical action being to change lead
peroxide to lead sulphate at the positive plate and the spongy
lead to lead sulphate at the negative. The sulphates thus

formed may not be all of the same proportions; one may °

exist as red, another as ycllow, and a third as white crystals,
of which the white sulphate is best known, as it is formed
when the cell is considerably discharged, and is extremely
troublesome. This discharge may be continued until all
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been properly charged, the positive plate is a chocolate color,
while the negative is a slaty gray.

The presence of the insoluble sulphate is made apparent
by the formation of a white coating or glaze over the plates,
which are then said to be su/phated. 1f the cells are dis-
charged and left to stand with the electrolyte in place,
sulphating takes place rapidly.

5. Ithas been shown that sulphuric acid is formed during
the charge and decomposed during discharge; thus, the pro-
portions of it in the electrolyte, conscquently, the density of
the electrolyte, vary with the state of charge of the cell;
starting with a specific gravity of 1.150, the specific gravity
will be found to be about 1.20 when the cell is fully charged,
indicating the presence of about 27 per cent. of sulphuric acid
in the electrolyte. The variation in density of the electrolyte
with discharge and charge is shown by the lower curves in
Figs. 1 and 2.

The E. M. F. of this cell is approximately 2 volts, being
2.04 when slightly discharged, which gradually falls to 1.756
volts when nearly discharged; beyond this point, further dis-
charging causes the E. M. F. to fall more rapidly, the
decrease after 1.75 volts being very marked. The upper
curves in Figs. 1 and 2 show the variation in the potential
difference at the terminals of a cell, the curve in Fig, 1
showing the falling off during discharge and Fig. 2 the
rise during charge.

6. Buckling.—The rating of accumulators is usually
based on their capacity when discharged to an E. M. F. of
1.75 or 1.8 volts; cells should not be continuously discharged
to below 1.75 volts, as below this point injurious sulphating
will occur. This sulphating may lead to a distortion of the
positive plate, known as buckling, unless the grids are
strong mechanically. As the plates are located very close
together in the cells to reduce the internal resistance,
buckling is liable to cause the plates to touch, thus short-
circuiting the cell.

The cause of buckling seems to be the formation of sulphate



§27, STORAGE BATTERIES 7

in the plugs of active material that fill the spaces of the
grids, thus causing an expansion; lead having very little
elasticity, the grid is forced out of shape. As frequently
constructed, the edges of the grid are heavier than the inter-
mediate portion, so that the effect of the distortion is to
bulge the plate in the center. If the plates are not dis-
charged too far and too rapidly, the expansion of the active
material is gradual, causing the grid to stretch evenly.

7. Rating of Cells.—The quantity of electricity that
may be taken from a completely charged cell depends on
the amount (weight) of material altered by the chemical
action, as in a primary cell; while the rate at which this
material is altered, consequently, the rate at which the elec-
tricity can be taken out (the rate of discharge in amperes),
and, to a large extent, the amount of material altered,
depends on the surface of the active material exposed to
the chemical action. .

Cells are rated at a certain number of ampere-hours
capacity, depending on both the weight and the surface area
of the active material in the cell; a certain economical dis-
charge rate is also recommended, depending on the surface
of the plates exposed to the electrolyte. If this discharge
rate be continually exceeded, the chemical action goes on
too rapidly, the white sulphate is formed in the active
material of the positive plate, finally causing disintegration
of the active material, even if the discharge is not carried
beyond the point (1.75) given above. With the ordinary .
construction, the normal discharge rate is about .04 ampere
per square inch of surface (both sides) of positive plate, and
the discharge capacity about 4 ampere-hours per pound of
plate (both positive and negative plate included).

8. Change of E. M. F. With Discharge.—The upper
curve in Fig. 1 shows the manner in which the E. M. F. of an
accumulator falls as the discharge proceceds. In this case the
cell was connected to a variable external resistance, such that
about the normal discharge current, as advised by the manu-
facturers, was maintained throughout the test in the external
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10 STORAGE BATTERIES §27

circuit. The state of polarization of the slight surface layer
of both plates resulting from the charge causes the E. M. F.
to be high at first, but as this is quickly disposed of, the
E. M. F. falls in the first 5 minutes or so to 1.98 volts; on
continuing the discharge, the E. M. F. falls slowly and evenly
until after 8 hours of discharging the E. M. F. falls to
1.75 volts. If the discharge is continued beyond this point,
the nature of the chemical action changes somewhat, and the
fall of E. M. F. becomes more rapid.

This falling off of the E. M. F. is due s the weakening of
the acid solution and to the gradual changing of the spongy
lead on the one plate and the peroxide on the other to
sulphate. As this reduction can only go on at the points
where the acid is in contact with the spongy lead or the
peroxide, it is evident that the interior portions of the active
material are affected much more slowly than the surface, as
the acid penetrates the active material only at a comparatively
slow rate. On this account, discharging at slow rates allows
the active material to be more uniformly and thoroughly
acted on, thus giving a greater output.

This also accounts for the fact that on discontinuing the
discharge at any point the E. M. F. will soon rise to practi-
cally its original value, 2.04 volts; for unless the cell is
entirely discharged there is always some unconverted active
material in the interior of the plate, which serves to give the
original E. M. F. when reached by theacid. If the discharge is
resumed, this acid is soon exhausted, and the E. M. F. rapidly
falls to the value it had when the discharge was stopped.

In the above case, the product of the amperes and the hours
will give the output of the accumulator in ampere-hours; if
the discharge rate had becn greater, the output in ampere-
hours would have been diminished, the discharge being
continued until the E. M. F. falls to the same value in each
case. Conversely, if the discharge rate had been lower, the
output would have been increased.

For example, assume the limiting E. M. F. to be 1.75 volts.
In a certain cell, with a discharge current of 3() amperes,
the E. M. F. reaches its limit in 8 hours, giving an output of
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11. Watt-Hour Efficiency.—The watt-hour effi-
clency at normal rates of charge and discharge is lower,
being from 70 to 80 per cent., depending on the construction
of the cell. When batteries are used for regulating purposes
to take up rapid load fluctuations, the battery is alternately
charged and discharged and the chemical action is confined
largely to a thin surface film on the plates. Under such
circumstances the watt-hour efficiency becomes considerably
higher than when the battery charges and discharges con-
tinuously, and the watt-hour efficiency may be as high as
from 92 to 94 per cent.

The cause of the loss represented by the foregoing figures
is, for the ampere-hour efficiency, due to the fact that the
charging current must perform several chemical decompo-
sitions, the elements of which either do not recombine or,
recombining, do not give up their potential energy in the
form of electrical energy.

The loss shown in the watt-hour efficiency figures is due
partly to the fact that the E. M. F. of charge is higher than
that of discharge, partly to the E. M. F. required to per-
form the wasteful chemical actions referred to above, and
partly to the drop in volts caused by the passage of the cur-
rent against the resistance of the plates and electrolyte.
This drop adds to the E. M. F. required to perform the
chemical decompositions in charging, and subtracts from the
E. M. F. due to the chemical recompositions, and its amount
depends more on the construction of the cell than does the
loss represented by the ampere-hour efficiency, as it varies
with the shape and size of the plates, their distance apart,
their state of charge (on account of variations of the resist-
ance of the electrolyte as the percentage of acid varies), the
rate of charge and discharge, and other conditions.

The loss due to the internal resistance in well-designed
cells usually amounts to about 3 per cent. at normal rates of
charge and discharge; the loss is correspondingly less at low
rates and more at high rates, being proportional to the square
of the current flowing.

These efficiency figures, as stated, are given for a discharge
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strip is slightly wider than the thickness of the supporting
grid so that, when pressed in place, the plug projects a little
on each side. The coiled-up piece of lead expands in the
forming process, so that there is no possibility of its falling
out. After the lead ribbon is in place it is converted into
lead peroxide, as described, thus forming the active material.
This construction gives a rigid plate, and, since the active
material in each hole is free to expand and contract a certain
amount, buckling is avoided.

Strap

The Chloride cell is so called because zinc chloride was at
one time used in the construction of the negative plate.
Though it is not used in the present type of plate the name
is retained. Fig. 5 shows the construction of the negative
plate known as the box negative. It is made of two parts
A, B riveted together. Each part is made by casting lead-
alloy ribs ¢, ¢ on a sheet of perforated sheet lead; these ribs
divide the sheet into a number of squares about 13 inches
each way. When the halves are riveted together, as shown
in the sectional view, a number of small boxes, or recesses,
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form of separator being usually placed between them. In
the Chloride accumulator a number of different kinds of sep-
arators have been used. In the earlier cells the plates were
separated by sheet asbestos, but the separator now generally
used is a board diaphragm used in connection with wooden
strips. The arrangement of these diaphragms and separators
will be explained in detail in connection with the setting up
of cells. .

Fig. 6 shows the general arrangement of some large
Chloride cells used with a central-station lighting system.
Each cell here contains 87 plates 153 in. X 32in. The lugs/,/
on the plates are burned on to the channel-shaped pieces ¢, ¢
that form the conncctions between the cells; 4 is the edge
of the lead lining of the tank; and ¢, ¢ are glass rods for-
merly used for separating the plates. The heavy bar » forms
one terminal of the battery and is connected to the last set
of plates by means of the copper cross-piece 7.

17. The E. M. F. and action of the Chloride accumulator
are the same as that of the Faure (pasted) type or the
Planté. It is claimed by the manufacturers that, from
the solidity of the construction, buckling and loosening of the
active material are practically impossible, so that the cells
may be occasionally discharged to a low E. M. F. or at high
rates without serious injury. Its output per pound of ele-
ment is greater than that usually assigned to lead accumu-
lators, being from 4 to 6 ampere-hours, according to the type
of cell, per pound of plates (both positive and negative) at
normal discharge rates.

18. The Gould Storage Battery.—The Gould battery
is of the Planté type. Both positive and negative plates are
made of rolled sheet lead, and the distinguishing feature of
the cell is the method of increasing the active surface of the
plates. Fig. 7 shows a Gould plate before it has been sub-
jected to the forming process; the sheet lead is spun up so
as to form thin ridges with grooves between them in which
the active material is formed. Sheet-lead blanks are placed
in steel frames and made to move back and forth between
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insure proper charging rate, temperature, etc.; so, in spite
of its large output per unit of weight, it can hardly come into
general use. Another serious objection to this type of cell is
its low voltage; for a system operating at a given voltage
nearly three times as many cells would be required as would
be sufficient if lead-sulphuric acid cells were used. This
objection, of course, applies to any cell that gives a low
voltage. Like all cells using caustic potash or other
hydroxide for the electrolyte, the air must be kept from the
electrolyte to prevent the absorption of CO, (carbonic-acid
gas) from the atmosphere, and the formation thereby of
carbonates. The necessity of excluding the air by means of
a layer of oil or by other means constitutes quite a serious
drawback in the practical operation of these cells. Although
this type of accumulator has many good points, it has never
been able to displace the lead-sulphuric acid cell in commer-
cial work on account of the above-mentioned drawbacks and
has, in fact, never been used to any great extent.

25. Edison Nickel-Iron Cell.—A bimetallic cell has
been developed by Edison that, it is claimed, is lighter and
more durable than the lead type and does not have the
disadvantages of other bimetallic cells. The cell has been
developed with particular reference to the requirements of
electric vehicle service, but at present it has not been used
to a sufficient extent commercially to indicate whether or not
it will be able to displace the lead type of cell. The active
material of the positive plate is peroxide of nickel and that
of the negative plate, finely divided iron. Both plates are
constructed as indicated in Fig. 13. The active material is
held in flat stamped steel boxes, or pockets, made by shallow
halves that fit tightly together. These boxes are perforated
with narrow slits that allow the electrolyte to come in con-
tact with the material contained within. The plate proper is
made of steel, nickel plated, and is punched with twenty-four
rectangular openings, as shown at a, Fig. 13. The boxes &
are held in the openings as shown in the complecte plate ¢.
The plates are quite thin and the number required for a cell
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INSTALLATION AND CARE OF STORAGE
CELLS

SETTING U’ CELLS

26. The following instructions regarding the installation
and care of storage cells are an abstract of those furnished
by the Electric Storage Battery Company, and refer to the
Chloride cell as used for stationary work. However, the
instructions may be taken as applying for the most part to
any of the ordinary types of lead-sulphuric acid cell. Manu-
facturers send out instructions regarding their cells and give
any special recommendations that may relate to their par-
ticular type. For the most part these instructions apply also
to automobile or other portable cells.

27. TLocation.—Storage cells should be located in a
well-ventilated room of moderate temperature, say from 50°
to 75° F. The floor should be of cement with drainage
facilities, and the room should be light enough to allow
easy inspection of the cells. Generally, the battery room is
located somewhere near the dynamo room in case the battery
is used in connection with a central station, as a near-by
location cuts down the length of conductors between the
battery and station, and also allows the outfit to be watched
to better advantage.

28. Method of Supporting Cells.—The cells are
usually mounted on racks made of heavy wooden framework
securely braced. It must be remembered that these cells are
heavy, and sagging of the framework is not allowable, as it
may result in broken cells. If there is plenty of space avail-
able, the cells should be in a single tier, in which case all the
framework that is necessary is a set of stringers properly
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THE ELECTROLYTE

30. Mixing the Electrolyte.—The electrolyte used
in storage batteries differs slightly with different makes of
cell; it is always dilute sulphuric acid, but the specific gravity
of the solution recommended by different manufacturers
-varies somewhat. The electrolyte should have a specific
gravity of 1.20 to 1.24, as indicated by the hydrometer when
the cells are charged. The specific gravity is taken at nor-
mal temperature of about 60° F. Most manufacturers of
storage cells furnish electrolyte ready mixed, but it can be
prepared by diluting suitable commercial sulphuric acid
(oil of vitriol) with pure water. In selecting sulphuric acid
none but the sulphur or brimstone acid should be used;
acid made from pyrites is liable to contain impurities, such as
iron or arsenic. It is absolutely essential that the acid and
water be free from impurities, such as iron, arsenic, and
nitric or hydrochloric acid. When diluting, the acid must be
poured slowly and with great caution into the water; do not
pour water into the acid because the sudden evolution of heat
and the consequent boiling action may throw acid into the
operator’s face. The proportions of acid (of 1.84 specific
gravity or 66° Beaume) and water are 1 part of acid to 5 of
water (by volume). The vessel used for the mixing must
be a lead-lined tank, or one of wood that has not been used
for other purposes; a wooden wash tub or spirits barrel
answers very well. The electrolyte when placed in the cell
should come } inch above the top of the plates. Before put-
ting the electrolyte in the cells, the circuits connecting the
battery with the charging source should be complete. The
positive pole of the charging source must be connected to
the positive pole of the battery. Also, carc must be taken
in placing the cells to see that positive and negative poles of
adjacent cells are connected together. It is an easy matter
to connect one or more cells backwards if the terminals are
not closely inspected when thec cells are being connected.
After the electrolyte has been placed in the jars, the battery
should be charged at once, if possible; in any event, the cells
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381. Hydrometers.—In order to facilitate the deter-
mination of the density of the electrolyte, special forms of
hydrometers are used in connection with storage-battery
work. Fig. 18 shows two styles of battery hydrometer
suitable for use in stationary cells where there is plenty of
room around the plates for placing the hydrom-
eter in the liquid. The larger size is preferable,
as the density can be determined more easily and
more closely than with the smaller, which is only
used in cells where there is not sufficient room
for the larger size. Each of the hydrometers has
a small bulb at the lower end and that contains a
quantity of fine shot. Some hydrometers have
mercury in the bulb, but shot is preferable because,
if the bulb becomes broken, no mercury as an
impurity is introduced into the electrolyte. More-
over, if mercury gets into a lead-lined tank it
attacks the lead lining or rather amalgamates with
it and a leak is likely to result. The air in the
large bulb floats the hydrometer, which, when
placed in the electrolyte, stands upright, and the
reading on the stem is taken at the point where
it emerges from the liquid. .

Fig. 19 shows a style of hydrometer more par-
ticularly adapted to cells where it would be difficult
to place a hydrometer directly in the liquid, as,
for example, in automobile batteries. The hydrom-
eter a is placed within the glass tube 4, and by
means of the rubber bulb sufficient electrolyte can be drawn
up to float the hydrometer. Enough liquid is drawn up to
fill the tube up to the mark & ground on the glass, and the
reading is taken at the point where the floating tube a
cmerges from the liquid.

F16. 19
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carried on for 5 hours with a gradual rise in the voltage
and specific gravity during that time and with an additional
3 hour of charging, there should be no further rise in either,
then the charge is complete.

34. vVoltage at End of Charge.—The voltage at the
end of a charge is not always the same. It depends on the
age of the plates and the temperature of the electrolyte;
hence, both of these must be taken into consideration when
determining the completion of a charge. When the battery
is first installed, the voltage at the end of the charge will be
2.5 volts per cell or higher, at normal rate of charge and at
normal temperature. As the age of the battery increases,
the point at which it will be fully charged is gradually
lowered and may drop as low as 2.4 volts at normal rate
and temperature. With charging rates lower than the nor-
mal, the voltage at the end of the charge will be approxi-
mately .05 volt less for each 25 per cent. decrease in the rate.
For example, if the final voltage were 2.50 at the normal
rate, say, of 1,000 amperes, it would be 2.45 at 750 amperes,
and 2.40 at 500 amperes. If the temperature is increased
above normal, the final charging voltage is noticeably
lowered, and vice versa, irrespective of the age of the plates.
It is understood in the preceding that all voltage readings
are taken with the current flowing; readings taken with the
battery on open circuit are of little value and are frequently
misleading. After the completion of a charge and when the
current is off, the voltage per cell will drop to about 2.16
volts and then to 2 volts, or slightly less, when the discharge
is started. If the discharge is not begun at once, the pres-
sure will quite rapidly drop to 2.05 volts and remain there
while the battery is on open circuit. Cells should never be
charged at the maximum rate except in cascs of emergency;
if charged at the maximum rate, the final voltage per cell will
be about .05 volt higher than if charged at normal rate.
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the negatives darker, so that the color of the plates is a
rough indication of the amount of discharge.

After a battery has been completely discharged it should
be immediately charged again. It should be allowed to
stand but a very short interval, if at all, before recharging.

MISCELLANEOUS POINTS

36. Inspection of Cells.—In order to secure satis-
factory operation of a battery each of the cells should be
inspected at regular intervals. The voltage of individual
cells may become low, the electrolyte may not be of the
proper specific gravity, or foreign substances may become
lodged between the plates or in the bottom of the cell, and
regular inspection is necessary to locate any such defects
that may develop. Such readings as are taken from the
cells should be recorded in such a way that consecutive read-
ings can be easily compared; if a cell is acting irregularly,
the fact will then be at once apparent. Each cell should be
thoroughly inspected at least once a month. This can be
easily done by examining a certain number of cells each day
in case the battery is too large to examine all the cells in a
single day.

For the inspection of individual cells, a portabie lamp
should be used so that any tendency for an accumulation or
lodgment of material between the plates can be at once
noticed. If the elements are in glass jars, an ordinary lamp
with extension cord will be found most convenient; by hold-
ing the lamp behind the jar and looking through between the
plates, the condition of the cell can at once be seen. If
wooden tanks are used, a lamp suitable for immersion to the
bottom of the electrolyte will be needed. When examining
a cell great care should be taken to look between all the
plates, and any accumulation of material should be removed
at once. If the accumulation is from the plates themselves,
it may be pushed down to the bottom of the containing ves-
sel by means of a stick of hard rubber or wood; if it is any
foreign substance it should be removed from the cell. A
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38. Getting Low Cells Into Normal Condition.—A
cell that has become low will generally require more than
the usual amount of charging to get it into condition again
after the cause of the trouble has been removed. The
simplest way of doing this is to overcharge the whole battery
until the low cells are brought up to the proper point, but
care must be taken not to carry this to excess. Another
method is to cut the low cells out of circuit over one or two
discharges, and then cut them in on the charges. A third
method is to give the faulty cells an individual charge while
the other cells are on the discharge; the most convenient way
of doing this is by means of a small motor-driven dynamo.
Before putting a cell that has been defective into service
again, care should be taken to see that all the signs of a full
charge are present.

39. Sediment in Cells.—After cells have been in
service for some time there is an accumulation of sediment
in the bottom caused by small particles dropping from the
plates. This sediment should never be allowed to touch the
bottom of the plates and thus short-circuit them; it should be
carefully watched, especially under the middle plates, as it
accumulates there more rapidly than under the side plates.
If there is any free space at the end of the cells, the sediment
can be raked from under the plates and then scooped up; the.
device used for this purpose must have no metal in its make-
up. If this method is impracticable, the electrolyte should be
drawn off into clean containing vessels after the battery has
been fully charged. The cells should then be thoroughly
flushed with water, from the local water supply, in such a
way as to stir up the sediment thoroughly and get it out of
the cells. All the water should then be drawn off; if the
cells are too low for siphoning, a rotary pump with bronze
parts should be used. After the cells have been thoroughly
cleaned, the electrolyte should be at once replaced before the
plates have had a chance to become dry, and thus necessitate
the long charge required by dry plates. In addition to the
electrolyte withdrawn, ncw clectrolyte must be added to make
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while that on the other plate may be only partially changed.
When the cell is discharged, it is evident that under these
conditions the voltage will fall off sooner than it should
because the capacity of the cell will be limited by the capacity
of the partially converted plate. In order to determine the
existence of such a condition it is necessary to test each of
the plates separately because the voltage of the cell as a
whole will not indicate the relative condition of the plates.
In order to make the test, a third electrode, consisting of a
piece of cadmium, is used; a piece of zinc could be used if it
were chemically pure. The cadmium test piece is dipped
into the electrolyte and the voltage between it and the plates
of the battery measured by means of a low-reading voltmeter.
Care should be taken to see that the cadmium is not allowed
to touch either plate. If both plates are fully charged, and
the normal charging current flowing through the battery, the
voltage between the positive and negative plates will be
about 2.45 to 2.5 volts. The voltage between the cadmium
and the negative plate will be about .18 or .19 and between
the cadmium and positive plate about 2.3 volts, the voltage
of the cell heing the sum of the two readings. When the
battery has been discharged until the voltage per cell is
reduced to 1.8 or 1.75 volts, the voltage between the cadmium
test piece and the positive plate will be about 2.05 and
between the cadmium and negative about .25, the voltage
of the cell being the difference of the two readings. When
the cell is fully discharged, the cadmium is positive to both
plates; when it is fully charged, the cadmium is positive with
regard to the positive plate and negative with regard to the
negative plate. All the readings given above and the state-
ments regarding the polarity of the cadmium with respect to
the plates assume that the normal charging or discharging
current is flowing when the readings are taken.

44. BSulphating.—Unless a battery is properly looked
after, sulphating is liable to set in, and if allowed to go too
far may cause a great deal of trouble. As already explained,
lead sulphate, P5SO,, is formed during each discharge of a’
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fact that these cells are cut in and out of circuit, they are
specially liable to become unevenly discharged and, there-
fore, require more attention than the remainder of the cells.
They are successively cut into service on the discharge;
hence, on the charge they should be successively cut out in .
the reverse order, otherwise the ones that were last cut in will
be overcharged. Special care should be taken in regard to
this, as it is easy to forget that a number of the cells were
not cut into circuit until probably near the end of the dis-
charge, and thus require but a small proportion of the amount
of charge required for the main battery. As an aid in deter-
mining the state of charge of the end cells, there is usually
installed on the switchboard a multi-circuit voltmeter switch
by which the voltage of each end cell can be obtained.
If any of the end cells are not used regularly or stand idle,
they should be given a complete charge once a week.

SIMPLE CONNECTIONS FOR CHARGING

46, Where cells are used for portable purposes it is
necessary to provide some convenient means for charging
them from the ordinary sources of electrical supply. The
best method of doing this will depend on the available source
of charging current. It goes almost without saying that
alternating current, as such, cannot be used for charging a
battery, and when it is the only available source, some means
must be provided for changing it to direct either by means
of an alternating-current motor coupled to a direct-current
dynamo, or else by means of a rotary converter. If the
ordinary 110-volt, direct-current, lighting circuit is avail-
able, it is an easy matter to charge the cells as indicated in
Fig.20 (a). A double-pole switch a with fuses 4 is connected
between the mains and the battery as shown. In series with
the battery ¢ are a number of lamps by means of which the
charging current is limited to the proper amount. It is
advisable to connect an ammeter J in circuit, though this is
not absolutely necessary. The number of lamps required
depends on the line voltage and on the charging rate of the
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cells. If the line pressure is 100 to 120 volts and but three or
four cells are to be charged with a current of 56 amperes,
then five 32-candlepower lamps connected as in Fig. 20 (a)
will be sufficient. If 16-candlepower lamps are used, it will
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be necessary to connect ten in parallel. If the line pressure
is 500 volts it will be necessary to connect twenty-five
32-candlepower lamps in five rows of five lamps in series in
each row, or fifty 16-candlepower lamps in ten rows, five
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lamps in series in each row as shown in (). In case it is
convenient to charge at a lower rate, fewer lamps will be
needed, but the time for charging will be proportionately
increased.

Lamps form a convenient resistance as they are easily
obtained, but an adjustable rheostat » is frequently used, as
shown in (¢). The amount of resistance required in the
rheostat can be easily obtained as follows: Let &V be the num-
ber of cells to be charged in series, then 2 &V will be the
approximate voltage for charging, since each cell may be
taken as requiring 2 volts at the beginning of the charge.
If £ is the line E. M. F., then £ — 2 /V is the number of
.volts effective in forcing current through the circuit, because
the E. M. F. of the cells is opposed to that of the line. If /is
the charging current, then the resistance of the circuit will be

R=F=2N ()
7/
and this will be practically equal to the amount of resistance
required in the rheostat, because the resistance of the cells
is very low.

ExAaMpPLE.—Twenty storage cells are to be charged from a 220-volt
circuit. How much resistance should be connected in series with them
if the charging current is to be 5 amperes?

SorutioN.—From formula 1, £ = 220, NV =20, and /= 5; henée,

0N) — D ¥ ¢
R 202X

. = 36 ohms. Ans.

This resistance should be ndjl‘lstable so that some of it can be cut
out as the voltage of the cells increases, and it must be made of wire
large enough to carry at least 5 amperes without overheating.

Charging with resistance in series is at best a makeshift
because it involves a large loss of energy; as a rule, it is
used only where a few cells are to be charged and where no
other method is available. A resistance is not used with
regular batteries because the number of cells is such that
the battery can either be connected directly across the
charging circuit or else used in connection with a booster
in power or lighting stations or with motor gencrators in
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the series of cells, and R the resistance, then R is easily

obtained from the relation R = %‘

48. Direction of Current.—When charging a battery
from any source, especially when there is any doubt as to the
direction of flow of the current, a test should be made to
determine whether or not the positive plates are connected
to the positive pole, so that the current flows in at this
pole when the battery is charging. A simple method
of doing this is to attach two wires to the mains, connect
some resistance in series to limit the current, and dip the
free ends into a glass of acidulated water, keeping the ends
about 1 inch apart. The end from which bubbles of gas are
given off most freely is connected to the negative main, so
that the main to which the other end connects is the one to
be attached to the positive pole of the battery. Another
convenient method of testing the polarity is by means of a
Weston voltmeter, or instrument of similar type, which will
give a deflection over the scale only when the terminal
marked +4 is connected to the positive line.

49. Battery Charged From Dynamo.—Fig. 21 shows
about the simplest possible arrangement of connections for
charging a storage battery from a dynamo, all appliances
that are not absolutely necessary having been left out in
order to avoid confusion. .{is a dynamo, usually either of
the shunt-wound or compound-wound type; f is the rheostat
in the shunt field, by means of which the voltage of the
machine may be varied through a considerable range; V'is a
voltmeter connected to the voltmeter switch S, which is so
arranged that the voltmeter may be connected to either the
battery C or the dynamo .{; £ is a double-pole knife switch,
by means of which the battery may be thrown in connection
with the dynamo; F is an ammeter that shows the amount
of the charging current. The ammeters used with storage
batteries are usually made with their zero point at the
middle of the scale. When the battery is charging, the needle
is deflected to one side of the zero mark; when discharging,
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it is deflected to the other side, thus showing at a glance
which way the cells are acting. It should be noted that the
+ side of the dynamo is connected to the + side of the
battery when the switch is thrown in, the direction of
the charging current being indicated by the arrows. In this
case, we have assumed that the number of cells to be
charged is sufficiently great to take up the voltage of the

c
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dynamo; if this were not the case, a resistance would have
to be inserted in series with the battery. Charging is
effected as follows: Having made sure that the connec-
tions are all right, and that switch £ is open, get the dynamo
up to speed. Then measure the voltage of the cells and
adjust the field rheostat of the dynamo until the voltage of
the latter is from 5 to 10 per cent. higher than that of the
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cells. Throw in the main switch and adjust the rheostat
until the ammeter indicates the charging current called for
by the makers of the cells. '

The outfit shown in Fig. 21 is sufficient where a battery is
simply to be charged and where a fairly close watch can be
kept on it while the charging process is going on. Gen-
e . erally, however, the connections
o - o must be arranged so that the cells
‘ may be either charged from the
A dynamo or allowed to discharge
. into the line. It is also neces- -
° - sary to have fuses or an automatic
® i circuit-breaker of some kind to
‘ - ' protect the battery against over-

. loads. An underload switch is
' also connected between the cells
and the dynamo, as indicated by
the dotted outline X, Fig. 21. The
7 duty of this switch is to prevent
! o the cells from discharging into the
dynamo and running it as a motor;
it is, usually, an automatic switch
controlled by an electromagnet
connected in series between the
dynamo and the battery. If for
any reason the current drops to a very low value, the elec-
tromagnet releases its armature, thus opening the switch and
disconnecting the cells from the machine.

Fie. 22

50. Cutter Automatic Overlond and Underload
Switch.—Fig. 22 shows a special automatic switch designed
to protect the dynamo from any backward rush of current
and also to protect the battery from overloads. Two coils
a, b are connected in series between the battery and dynamo,
as indicated at A", Fig. 21. If the current becomes excessive,
coil 4 pulls up a core that releases a trip and allows a spring
to throw the arm out, thus breaking the circuit atd, d. When
the battery is charging, coil a holds its armature, but if the
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through the dynamo. Fig. 23 shows a simple switchboard
suitable for a small plant where a battery is used in conjunc-
tion with a dynamo for lighting or other purposes; 4 and s
are double-pole knife switches provided with fuses, £# con-
trols the lighting circuit while s is connected to the dynamo
through the underload circuit-breaker c. The ammeter A4 is
connected in series with the battery 4 and indicates the
charging or discharging current. } is a voltmeter connected
to a switch p, by means of which it may be connected across
either the dynamo or the battery; » is the handle of the field
rheostat that is connected in series with the shunt field of the
dynamo. When the battery is being charged, the switch 4
is open and the switch s closed. When the battery alone is
furnishing current to the line, s is open and £ closed. If it
is desired to have both battery and dynamo furnish current
to the line, both switches are closed.

In Fig. 23, it will be noticed that no provision is made for
varying the E. M. F. of the battery, either by cutting cells
in or out or by any other means. In all but small installa-
tions such provision is usually necessary.

USE OF ACCUMULATORS IN CENTRAL STATIONS

51. In central stations furnishing current for lighting
or other purposes, the demand for current varies greatly at
different periods in the day; for example, a lighting station
in a large city will probably be called on to furnish, from
5 to 8 p. M., ten times the amount of current that is required
from 5 to 6 A. M., and in small stations the disproportion
is even greater. As economy of operation demands that
the engines and dynamos be worked at or near their full
capacity, especially if the engines be compound or .triple
expansion, both of these conditions can be met only by
dividing the machinery into a large number of small units, or
by using some system of storage of the electrical energy.
In the first case, the small units require more attention and
are much less efficient than larger ones, so that most mod-
ern large stations have their machinery divided into a few
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On Sunday, the load is light and the battery is allowed to
charge, as shown by the double-shaded area, from 12:30
until about 10 A. M. All the generating plant is then shut
down and the whole load carried by the battery for about
8 hours. The generators are again started about 4 p. M.
and in addition to carrying the load, they charge the bat-
tery until a little after 3:30 on Mor;day when the heavy load
begins to come on. The load rises very rapidly between
3:30 and 6:30 and reaches a maximum of 4,600 amperes—of
which nearly 1,750 amperes is supplied from the battery, as
indicated by the single-shaded area. After the load has
dropped to about 2,600 amperes, the charging is again
started and so on throughout the week. On Saturday, the
peak of the load is not as high as on the other week days, but
it is broader on account of the earlier closing of offices and
later closing of retail stores.

By examining Fig. 24, the great advantage of the battery
is at once apparent. If no battery were provided, generating
equipment capable of supplying the maximum output of
4,600 amperes would be necessary. With the battery, the
generator output never exceeds 2,950 amperes, approxi-
mately, so that the battery takes the place of engines, boilers,
and dynamos equivalent to an output of 1,650 amperes. The
combined areas in Fig. 24 representing the charge, must of
course be somewhat greater than the combined areas of
discharge, because the ampere-hour efficiency is less than 1.

There are many advantages incident to the use of the
battery other than the saving in generating equipment. The
battery is valuable as an insurance against complete shut-
downs in case of serious accident to the generating equip-
ment. It also holds a supply of energy that is instantly
available in case of a sudden demand for current caused, for
example, by darkness due to a storm. It is of very great
benefit in preventing voltage fluctuations on the system as a
whole, thus making the lights burn steadier and last longer.
By installing a battery in a station of given generating equip-
ment, the output of the station and the revenue obtained
therefrom can be considerably increased without additional
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full line shows the station output, which varies from a
minimum of less than 100 amperes to a maximum of over
850 amperes. It will be noted that this load diagram is for
an interval of 15 minutes only, so that the variations are
very sudden. In spite of these sudden variations, the load
on the dynamos is kept within 350 and 400 amperes, as shown
by the dotted line, the double-sectioned areas above this line
representing discharge intervals, and those below the line
charge intervals. The ampere-hours discharge, indicated in
Fig. 25 by the combined double-sectioned areas, is con-
siderably greater than the charge, as represented by the
single-shaded areas. It must be remembered, however, that
the interval of time represented is only 15 minutes. If the

Amperes

P16.25

load curve were drawn for a longer period, say 24 hours,
the charge would likely be in excess of the discharge, since
the regulating appliances are usually adjusted so that suffi-
cient charge is given to the battery during its regular opera-
tion to make up for the discharge and thus render extra
charging unnecessary.

The curves in Fig. 26 are taken from a street-railway
substation from which current is supplied from a rotary
converter used in conjunction with a storage battery to take
up the load fluctuations. In this case the charge and dis-
charge areas of the battery curve are more nearly equal than
in Fig. 25. The load on the rotary converter is here plotted
separately and the lowest curve represents the total output
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of the substation obtained by adding the battery and rotary-
converter load curves together, charging currents being taken
as negative and hence subtracted from the converter output
to obtain the current delivered to the line. The load on the
.converter remains comparatively steady, between 75 and
100 amperes,- while the line current varies from below
25 amperes to over 325 amperes. The readings only cover
a period of 20 minutes and the fluctuations in load are very
rapid, yet the load on the converter and hence the current
supplied to the substation from the line is kept fairly steady

Sretran - '
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and is small compared with the maximum that would be
required if the battery were not used.

55. Battery Out on Linc.—Batteries are frequently
placed at the end of feeders supplying certain sections. By
this means the voltage at the distributing center is main-
tained at a nearly uniform value, the variations of load in the
central station are reduced, and the feeders are worked to the
best possible advantage. This method of using a battery will
be understood by referring to Fig. 27, which shows a three-
wire network /2 of incandescent lamps supplied from a dis-
tributing center or substation C, which is in turn supplied by
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drop in the feeders becomes greater than normal, thus lower-
ing the pressure at the battery terminals and allowing it to
discharge into the line. When the load is light, the drop in the
feeders is small, the pressure applied to the battery is higher
than that of the battery, and a charging current flows into it.

Fig. 28 shows the variation in output of a Chloride battery
placed on a street-railway line 4 miles from the power house.
This shows how the battery takes up the fluctuations and
supplies the peak of the load between 4 and 7 p. M. Since
this large current is supplied from the battery and not brought
over the long feeders from the power house, it follows that
the voltage is maintained much better than if the battery were
not used. After }1 P. M. the load on the feeders becomes
so light that the battery charges most of the time, and
between 7 and 9 A. M. it again takes a peak, though in this
case the peak is smaller than in the evening.

The curves in Fig. 29 show the effect that a battery, used
at the end of the line, has on the voltage regulation of a
railway system. Curve A shows the current delivered by
the battery when discharging or taken by it when charging.
Curve B shows the variation in voltage when the battery
is in use and curve Cshows the variation when the battery is
out of service. When the battery is not used, the voltage
varies from 550 to 325 volts, owing to the heavy momentary
currents that must be transmitted over the line. When the
battery is in use the voltage varies between 450 and 525
volts, thus maintaining a much better pressure on the system
and enabling the cars to make better time. When the load
is light, voltage high, the battery charges, hence the maxi-
mum voltage with the battery on is not as high as with the
battery off because of the drop in the line due to the char-
ging current. When the battery is off there are instants when
there is practically zero current in the line and the pres-
sure at the end of the line then becomes equal to the
station pressure.

56. Belection of Battery for Given Service.—The
only way to arrive at an intelligent conclusion regarding the
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size of battery to be used for any given case is to determine
as nearly as possible the load line of the station in question.
The generating capacity is usually known, so that by laying
out a diagram and measuring up the probable discharge
areas on it, a fairly close idea as to the capacity needed can
be obtained. As the output of most plants is -always
increasing, it is common practice to install jars or tanks
somewhat larger thanrequired at the start. The capacity of
the cells can then be easily increased by simply adding more
pairs of plates to each cell.

The number of cells required for a given installation will
depend on the voltage of the system, and also on the range
of voltage regulation that is desired by cutting cells in or
out. Assuming that the cells are discharged down to 1.75
volts, the minimum number of cells required would be the
voltage of the system divided by 1.75. For example, a

battery for a 110-volt system would require ll% = 63 cells.

STORAGE-BATTERY REGULATING
APPLIANCES

57. In order that the charging and discharging of a bat-
tery shall be under control, it is necessary to use auxiliary
apparatus that will allow the effective voltage of the battery
to be varied at will. The appliances used in any given case
will depend on the nature of the work that the battery has to
do. For example, the regulating devices necessary with a
slowly changing lighting load are not adapted to the opera-
tion of a battery on a rapidly fluctuating railway load.

END-CELL SWITCHES

58. The simplest device for varying the effective volt-
age of a battery is the end-cell switch, the use of which
will be understood by referring to Fig. 30; A4 is the main
battery and /A a number of cells from each of which connec-
tion is made to the contacts & of the end-cell switch. A
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over the space between contacts 4, and
thereby short-circuit a cell. In order to
avoid interruption of the circuit while a
is passing from one cell to another,
auxiliary carbon contacts are carried on
the cross-head; the resistance of these
is sufficient to prevent short-circuiting
of the cell during the movement, and at
the same time keep the battery in con-
nection with ¢. Gear g is used when
two or more end-cell switches are geared
together so as to be operated simul-
taneously. End-cell switches are fre-
quently equipped with end-cell indicators,
which, by means of small signal lamps,
a traveling pointer, or other device oper-
ated from the end-cell switch, show the
switchboard attendant at all times the
exact position of the switch and the num-
ber of cells in service.

59. Battery With Single End-
Cell Switch.—Fig. 32 shows about the
simplest possible arrangement for a bat-
tery with an end-cell switch operated in
parallel with a dynamo. In this figure
all minor devices, such as voltmeter
switches, circuit-breakers, etc. have been
omitted. An automatic circuit-breaker
should be provided in series with the
dynamo, and an overload and under-
load circuit-breaker should be connected
between the dynamo and battery.

In Fig. 32, .1 is the dynamo, either
shunt or compound wound, but usually
the latter type in Amecrica, 73 is the
main battery, and C the end-cell switch
connected to the end cells, as shown.
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being charged by a current supplied at high voltage from the
dynamo. In Fig. 33 switches 1, 2, and 3 are closed and
the double-throw switch 4, 5 is thrown to the upper position;
the battery is charging and the path of the charging current
is represented by the dotted arrows. At the same time the
dynamo is furnishing current to the line, as indicated by the
full-line arrows. From the position of end-cell switch D it
is seen that the pressure between the outgoing lines is equal
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to that of the main battery B plus that of two end cells,
while from the position of C the pressure furnished by the
dynamo must be high enough to charge the whole battery.
When it is necessary to arrange a battery so that the gen-
erator can furnish current for charging purposes, and at the
same time furnish current to the line, it is usual to provide
a booster for increasing the generator voltage the desired
amount.

STORAGE-BATTERY BOOSTERS

61. A storage-battery booster is an auxiliary dynamo,
---generally of small size compared with the main-station gen-
erators. the armature of which is usually, though not always,
connected in series with the storage battery. The voltage of
this dynamo may be either added to or subtracted from that
of the battery, thus increasing or decreasing its effective
voltage. For example, in Fig. 34, 4 is a battery working
in parallel with a dynamo, and B is the armature of the
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the battery is intended to take the peak of the load or for
other work where it does not have to be continually charging
and discharging. It is, therefore, well adapted for use in
lighting stations where the load changes gradually, and
where the battery charges or discharges for fairly long
intervals of time.

Fig. 35 shows the general arrangement of a shunt booster.
A is the main generator and A the armature of the booster

driven by means of a motor not indicated. C is the storage
.
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battery, and ¢ the end-cell switch by means of which the
effective voltage of the battery may be varied. In order to
charge the battery to its full capacity, it is necessary to have
a voltage considerably higher than that generated by A; this
increase in voltage is supplied by the booster B. Suppose
that the battery is to be charged; switches a, 4, and 4 are
closed and the double-throw switch ¢/ is thrown to the lower
position. The end-cell switch is placed on the last point,as
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segments g, & as shown; d, ¢ are contact arcs and a lever
pivoted at % carries contacts a, & that bridge over between
the contacts and the contact arcs. Terminals x, y are con-
nected either to the bus-bars or to the battery, and the
arcs d, ¢ are connected to the field winding C of the booster.
The whole scheme of connections is, in fact, the same as a
Wheatstone bridge where the galvanometer is replaced by
the field C. It is evident that, when the lever is in the
vertical position a 4, there is no difference of potential
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between the field terminals and the field is unexcited. As
the lever is moved over to the position a” ¥/, the pressure
across the field terminals is gradually increased until the
extreme position of the lever is reached and ¢ is connected
dircctly to the + terminal and 4 to the — terminal. A move-
ment of the lever in the reverse direction, i.e., from the
vertical position toward a’ ¢/, gradually increases the pressure
across the field but in the reverse direction. This rheostat,
therefore, allows the booster to be used as an aid either in
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that the current in the shunt. winding can be made either to
oppose or aid that in the series-winding.

Under normal conditions of operation the shunt winding
aids the series-winding in magnetizing the field of the
booster. It is necessary for the operation of this type of
booster that the voltage of the generator should drop with
increasing load. If A4 is compound wound, the series-coils
may be cut out of service or shunted when the machine is.
used in conjunction with the battery. The operation of the
booster is as follows: The rheostat R is adjusted so that
when the generator is delivering its normal load at normal
voltage, the voltage of the booster plus that of the battery
just equals the voltage of the dynamo; under these condi-
tions there will be neither a charéing nor a discharging
current. If the load on the line increases, the voltage of 4
tends to drop on account of the increased load momentarily
thrown on it. This allows the battery to discharge, and the
discharging current flowing through the series-coils of the
booster raises the combined E. M. F. of the battery and
booster, thus making the battery at once take such a share
of the load that the E. M. F. across the lines is restored to
its normal amount. On the other hand, a decrease in the
external load below the normal tends to make the dynamo
voltage increase. The battery then charges, and the char-
ging current flowing back through the series-coils of the
booster opposes the shunt coils, thus lowering the booster
voltage and allowing the charging current to increase until
the generator voltage comes down to the normal amount.
In actual working, the voltage changes very slightly, as any
tendency to change is checked by the operation of the
battery and its booster.

DIFFERENTIAL BOOSTER

65. The differential booster is used on systems where
a load subject to wide and rapid fluctuations is handled. It
has two sets of field windings, series and shunt, as in the
compound booster, but is distinguished from it by the fact
that under normal conditions of operation the magnetizing






76 STORAGE BATTERIES §27

discharge from the battery, because the effects of the magneti-
zing coils neutralize each other, making the booster E. M. F.
zero and allowing the battery E. M. F. to balance that of the
generator. If the load increases above normal, the mag-
netizing effect of D is increased, thus causing the booster to
generate an E. M. F. in such a direction as to assist the
battery to discbarge and take up the surplus load. If the
load falls below normal, the magnetizing effect of the shunt
field predominates, thus making the booster generate an
E. M. F. in the reverse direction and allowing the battery to
charge. The load on the dynamo is therefore kept practi-
cally constant in spite of the fluctuations of the current
delivered from the station.

The connections shown in Fig. 38 have been simplified as
much as possible in order to bring out the main points con-
nected with the operation of the booster; in practice, a
number of additional connections might be used. For
example, switches are often provided so that the series-coils
may be cut out of service and the machine operated as a
plain shunt booster. The battery is occasionally charged
up when the load is light, as the intermittent charging
that it receives during its regular operation may not be
sufficient. In case the battery were used on a fairly steady
load, the machine would, of course, be operated as a plain
shunt booster and whatever regulation was necessary to
control the battery current would be obtained by varying
the field rheostat.

66. Fig. 39 shows a scheme of switchboard connections
for a differential booster. A is the generator armature,
B the booster armature, D an underload-and-overload battery
circuit-breaker, £ the generator circuit-breaker, # the gener-
ator ammeter, G the battery ammeter with its zero point in
the center of the scale, and /A the voltmeter. The voltmeter
is connected to a voltmeter switch, so that readings may be
taken of the generator voltage, the battery voltage, or the
voltage of the battery plus that of the booster; the voltmeter
connections have been omitted in order not to confuce the
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are single-pole double-throw, and are used for making the
various combinations described later. Switch 10 connects the
shunt field of the booster to the bus-bars, and 11 is the main
switch for the motor. The combinations that may be effected
are as follows:

(a) Generator working alone on bus-bars with battery and
booster cut out of service. Switch 2 is closed, and switches
5 and 7 thrown to the upper position. All other switches
are open.

() Battery working alone on bus-bars, generator and
booster cut out of service. Switch 1 is closed, and switch 9
thrown to the upper position, all other switches open.

(¢) Battery and generator operating in parellel on bus-
bars with booster in service. Switches 7 and 2 are closed,
and switches 4, 6, and 8 thrown to the lower position.
Switches 70 and 11 are also closed because the booster is
now in operation.

(d) Battery in parallel with generator, series-coils of
booster cut out. In this case B is operated as a shunt-wound
booster and the battery is being charged. Switches 1,2 and 3
are closed; switch 8 is thrown to the lower position and
switches 5 and 7 to the upper position. Switches 10 and 11
are also closed and L is adjusted so that the booster helps
the battery to charge.

CONSTANT-CURRENT BOOSTER

67. The constant-current booster is used principally
in office buildings or manufactories where the feeders are
not long and where a considerable portion of the load, such
as motors and elevators, is of a fluctuating nature. It is also
used to some extent for street-railway systems instead of the
compound or differential types. Its object is to maintain an
approximately constant current delivery from the generators,
the fluctuations of the load being taken up by the battery. It
therefore accomplishes the same purpose as a compound or
differential booster as far as keeping the dynamo currentat a
constant value is concerned, while on account of the way in
which it is used, the machine can be smaller and cheaper than
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opposed to that of 4. It will be noticed that the current
through the booster is not reversed, because the only current
that flows through it is that supplied by the generator.
Under ordinary operating conditions switches 1, 2, 5, 6,and 7
are closed, at which time the operation is as follows: In case
a heavy load comes on the power circuits, the tendency is for
a heavy current to be delivered by the generator through the
booster. Now the voltage across the terminals of the battery
is equal to the generator voltage plus that of the booster; any
increase of current in the series-field causes a lowering of the
booster E. M. F., because the series-winding opposes the
shunt winding. The result is that the pressure across
the battery terminals decreases, thus causing the battery to
discharge and supply the extra demand for current. Con-
versely, a decrease in the fluctuating load causes the battery
to charge. The dynamo, therefore, delivers an approxi-
mately constant current. Of course, the generator current
does not remain absolutely constant, but the irregularities
due to the heavily fluctuating motor load are so smoothed out
that the pressure supplied to the lamps is practically uniform
and the objectionable flickering, so often apparent where a
variable load is operated from the machine, is done away with.

If both loads must be operated directly from the dynamo
without the use of the battery or booster, these may be cut
out as follows: The booster is shut down and switch 3
closed. Switch 3 cannot be closed while the booster is
generating, because armature B would be short-circuited.
Switch 5 is then opened and the booster thereby cut out of
service. By opening switches 6 and 7 and closing switch &,
the battery is cut out and the dynamo supplies all the current.
Note that switch 7 must be opened before &8 is closed, other-
wise the end cells wiil be short-circuited. If it is desired to
cut off the fluctuating load and run the lights from the battery
alone, switches 8 and 9 are opened, and switch 6 closed.
This cuts off the fluctuating load and places the battery, with
its end cclls, in parallel with the generator, it being under-
stood that the bhooster is now out of service. By opening
switches 1 and 2 the generator is cut off and the whole
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TABLE III1
GENERAL DATA ON ELECTRIC VEHICLE CELLS
Dimensions of Hard-
Stze of | Namber | Discharge| * <Call Rubber Jar
Type Plates of for Complete Inches
of Cell Plates | 4 Hours | With Acid |_ .
Inches Amperes | pounds
Width | Length | Height
Exide MV st X 8% 7 21 19} 27% 68 | 11}
ExideMV s} x 8¢ 9 28 26 3% 6t | 11}
ExideMV ! 53 X 8% l I 35 32 4t 6% | 11}
ExideMV 53 X 8% 15 49 443 s 6 | 11}
Exide M V | s X8%| 19 63 564 715 6} 114%
Exide PV | 413 X 8% 5 12 12 12t ; s | 11}
Exide PV l 443 x 8% 7 18 17} 2% s | 11d
Exide PV !i443 X 84| 11 30 27} 4% st | 11
GouldEV s} Xg 5 17 20} 2} 6% 1}
GouldEV 5§ X9 9 33 37 4t 6% 198 ]
Gould EV ‘ 53 X9 | 15 574 sok 7% 6% r
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current encounters in flowing through it, and this loss reap-
pears in the form of heat. In the incandescent lamp the
heating effect is so intense that it raises the conductor to
incandescence and so produces the desired illumination.

4. The illumination produced by the arc lamp is brought
about in a different manner. The current is made to pass
between two electrodes (usually carbon) that are held a short
distance apart. The points of these electrodes become
heated to an exceedingly high temperature and a very bril-
liant light is produced. The arc lamp was first publicly
exhibited by Sir Humphry Davy, in London, in the year 1810,
when he used a battery of 2,000 cells for its operation; but it
did not come into commercial use until a much later period,
because current could not be supplied cheaply enough by
means of batteries, and the introduction of the light was not
accomplished until the dynamo-electric machine had been
developed sufficiently to insure the generation of electrical
energy at reasonable cost.

5. Arc and incandescent lamps may be operated by
means of either alternating current or direct current. Arc
lamps have, in the past, been operated principally by direct
current, but alternating current is now largely used for this
purpose. Incandescent lamps will operate quite as well with
alternating as with direct current, provided the frequency is
not too low. The heating effect in a conductor is independ-
ent of the direction in which the current flows; hence, an
alternating current, which periodically reverses its direction
of flow, will operate an incandescent lamp just as well as
direct current. The reversals of the current are so rapid
that the conductor in the lamp does not have time to cool off
perceptibly, and hence there is no flickering noticeable to
the eye. If, however, a frequency below 30 cycles per
second is used, the lamps are apt to flicker, and if alternating
current is to be used for incandescent lighting work, the
frequency should not be below this value.

6. In taking up the subject of elcctric lighting, there will
then be the four following divisions to consider:
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CONSTRUCTION OF LAMPS

8. Early Experiments.—It was not long after the
invention of the arc lamp until inventors turned their atten-
tion to the production of electric light by heating continuous
conductors to a high temperature by means of the current,
instead of using the arc, because the early forms of arc
lamps were not well suited to interior illumination. The
first experiments were made with platinum or iridium wire.
These wires were mounted in the open air and current sent
through them, the current bringing the wire to a white heat
and thus causing light to be given off. All these lamps
proved failures because the wire very soon burned out.
The temperature to which it had to be raised was very near
the melting point of the metal, and if great care were not
exercised the wire would fuse. In later experiments, the
wire was enclosed in a glass globe from which the air was
exhausted. This was a great step in advance, because it
prevented the conductor from becoming oxidized and thus
destroyed by the action of the air; it also prevented the wire
from cooling so fast, and thus allowed the high temperature
to be maintained by a much smaller current than would be
required were the wire heated in the open air. Even when
the platinum or iridium wire was enclosed in a globe from
which the air had been exhausted, it was found that, although
the lamps were very much improved, they were not suitable
for commercial use. It became evident that some substance
that would be cheaper and capable of standing a higher tem-
perature would be necessary. Carbon was finally selected
as the substance most suitable and is now universally used.

9. Filaments.—Edison tried a great many experiments
to determine the best substance for the comductor, or
filament, as it is usually called. The material that he
finally selected was bamboo fiber, which was cut to the
proper size and then carbonized. Maxim made lamps with
filaments of carbonized paper. These lamps embodied gall
the essential parts contained in the modern lamp shown
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a vacuum treatment to remove all traces of air. The mix-
ture is then forced through small holes, or dies, and thus
squirted into the form of threads which, as they emerge from
the dies, run into jars containing wood alcohol; the alcohol
hardens the squirted thread, which coils up in the bottom of
the jars. When a jar is full, the alcohol is removed and the
white cellulose thread washed thoroughly for several hours
to remove all traces of zinc chloride, after which the thread
is wound on drums and dried. In the drying procgss the
thread shrinks greatly; if squirted through a .023-inch hole,
it will shrink to about .008 inch. The carbonized filaments
are made by winding bunches of the dried thread on carbon
forms, which are then bedded in charcoal or graphite in a
crucible and subjected to a high temperature for several
hours. During the carbonizing process there is a further
shrinkage, the diameter being reduced to about .0035 inch.
After carbonization, the filaments vary more or less in
diameter and they are sorted into lots having like diameters
before being subjected to the freating, or flashing process,
which is carried out as follows: After having been cut to the
proper length, the filaments are held in suitable clamps in an
air-tight receptacle from which the air has been exhausted,
and a thin vapor of gasoline substituted. Sufficient current
is then passed through the filaments to bring them to incan-
descence, thus decomposing the gasoline vapor and causing
a dense layer of carbon, in a form similar to graphite, to be
deposited on the filament. This deposit greatly lowers the
resistance, and when the proper resistance is attained
the current is cut off automatically; uniformity of resistance
is thus secured. With the older styles of filament made from
bamboo or thread, the object of flashing was to even up thin
places and make the filaments uniform. Thus, thin parts of
the filament would become more highly heated than the
parts of lower resistance and there would be a greater deposit
of carbon on the hotter parts. In squirted filaments, the
flashing is not necessary so far as securing a uniform cross-
section is concerned, but it is found that the layer of dense
graphitic carbon greatly strengthens the filament and results
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where the wires are sealed into the glass. This would let
in the air and the filament would soon burn out. A film of
~oxide on the leading-in wires would also tend to let air
leak into the globe, and platinum does not oxidize. Only
enough platinum is used to pass through the glass, as shown
at a,a, Fig. 3. Connection is made to the base by means of
small copper wires 4,4 fused to the platinum at ¢,c. In
early lamps, the whole length of the leading-in wires was of
platinum, but this is unnecessary and the practice was soon
discontinued, owing to the high price of the metal. Substi-
tutes for platinum for the leading-in wires have been
brought out from time to time, but none of them have dis-
placed it as yet.

13. The Bulb.—The style of bulb used to enclose the
filament is familiar to almost everybody. Different shapes
are in use, but by far the most common is the pear-shaped
bulb shown in Fig. 1. Bulbs should not be made too small,
because, as the lamp burns, the filament gradually undergoes
disintegration and small particles of carbon -are thrown off
and deposited on the globe. This causes the well-known
blackening of the lamp, and if the bulb is very small the
blackening is aggravated, because the surface is smaller and
the deposit, for that reason, more dense.

14. Exhaustion.—Fig. 5 shows a lamp after the stem
carrying the filament and the leading-in wires have been
sealed into the bottom. The lamp is now ready to be
exhausted. In order to accomplish this, the bulb is first
tubulated, i. e., a small glass tube with a narrow neck at a is
sealed into the top of the bulb.

Numerous methods have been devised for the exhaus-
tion of lamps. Ordinary mechanical air pumps, those that
exhaust the air by the operation of a plunger in conjunction
with valves, are not capable of producing a sufficiently high
degree of exhaustion. Mercurial air pumps were formerly
used for the purpose, but have been superseded by the
so-called chemical method, which is very much quicker.
In this process a finely constructed mechanical air pump is












12 INCANDESCENT LIGHTING §32

own style of lamp base, and the result was that over a dozen

different types were in use. The number has, however,

been gradually reduced until the three mentioned above

probably include over 99 per cent. of all the

bases in use in America. The chances are

that in a few years the Edison base will

have replaced the others, because, taking

everything into consideration, it is the best

base of the three. Even plants that are

equipped with sockets of other makes are

fitting them with adapters so that they’

Fie. 8 may be able to use Edison base lamps.

Fig. 8 shows an adapter for changing T. H. sockets to
take lamps with the Edison base. .

MEASUREMENTS AND LAMP CALCULATIONS

LIGHT MEASUREMENTS

17. Incandescent lamps are usually designated by their
candlepower. For example, a lamp is spoken of as giving
16 candlepower when it produces an intensity of light equal
to that produced by 16 standard candles.

The unit of light intensity commonly used is a spermaceti
candle of standard dimensions. Standard candles are .9 inch
in diameter at the base, .8 inch in diameter at the top, and
10 inches long; they burn 120 grains of spermaceti and wick
combined, per hour. Six candles weigh 1 pound. The
candle is not a very satisfactory standard, as it is subject
to considerable variation, and other standards have been
brought out to replace the candle in practical work. Various
kinds of gas and oil lamps have been used for this purpose,
which, although less liable to fluctuations than the candle,
have not yet superseded it.

18. The Methven screen is a convenient standard that
has been largely used. It consists of an Argand gas burner
provided with a screen that cuts off all the light from the
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to represent portions of spherical surfaces with 4 at the
center. Consider the portion aébcd of the screen B. The
intensity of illumination on the area a écd will be a certain
amount. Now, suppose the screen to be moved back to the
position C, 4 feet from 4. The total amount of light that
fell on the area a bcd will now be distributed over the area
a'tcdd. The area @’ d is four times that of abcd,
because A4 m is twice A f and, consequently, m A is twice fg,
or & ¢ is twice b¢c. The total quantity of light falling on the
two surfaces is the same, and since the area of a’¥'c d is
four times that of abcd, it follows that the light per unit

Fi1c. 9

area or the intensity of illumination on &’ ¥ ¢/ & is only one-
quarter that on abdcd. Doubling the distance of the screen
from the source has cut down the intensity of illumination to
one-fourth its former value. If the distance A »m were three
times as great as A £, the intensity of illumination would be
one-ninth that on @dcd. This law may then be stated as
follows:

The intensily of illumination produced by a source of light on
any object varies inversely as the squarc of the distance of the
object from lhe source. .

If xis the illumination produced, /2 the candlepower of
the source of light, and & the distance, then
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standard and the light being measured, respectively. Then,

from formula 1, x, = 5 !, and x, = %; but, since the illu-
.. . B, B,
minations on the two sides are equal, L =

Now, the candlepower B, of the standard is supposed to
be known, and since the distances are also known, the
candlepower B, of the lamp being measured can at once be
calculated. For this purpose, it is more convenient to have
the last equation in the form

B, =B % (2)

23. The arrangement shown in Fig. 10 is a simple form
of photometer, and formula £ expresses the relation between
the candlepower of the standard and that of the lamp being
measured. This may be written in the form of a rule, as
follows:

Rule.—7he candlepower of the lamp being lested on a photo-
meter is found by mulliplying the candlepower of the standard
by the quotient obtained by dividing the square of the distance of
the lamp from the screen by the square of the distance of the
standard from the screen.

ExaMpPLE.—Suppose, in Fig. 10, that A4 is a standard candle giving
1 candlepower and that B is an incandescent lamp. The screen is
moved until a point is found where the two sides are equally illumi-
nated. The reading on the scale then shows that the distance from the
standard is 20 inches. The total distance between the lamps is 100
inches. What is the candlepower of B?

SorLuTiOoN.—If the total length of the photometer is 100 in., the dis-
tance from the lamp to the screen must be 100 — 20 = 8C in. The
candlepower of the standard is 1; hence, substituting-in formula 2,

B, = lxg% = 16 c. p. Aaus.

24. Bunscn Photometer.—The Bunsen photometer
has been more largely used than any other. It is very simple
and is capable of giving good results if used properly. The
arrangement of the different parts is essentially the same
as that shown in Fig. 10, but the distinguishing feature lies
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with two mirrors mounted at a slight angle to it, as shown
at M, M in(c). S is the screen with the grease spot. and
the observer looks at the reflection of the two sides of the
screen in the mirrors instead of the screen itself. The
screen and the mirrors are mounted in a box, which is open
at the ends to admit the light from the sources and which
is also provided with an opening in the front to enable the
observer to see the reflections of the screen.

25. Fig. 12 shows the arrangement of the parts of a
simple photometer of the Bunsen type designed by Elmer
G. Willyoung for use in connection with lighting stations.
A, the standard—in this case an incandescent lamp of accu-
rately known candlepower—and B, the light to be measured;
D is the bar on which the carriage containing the screen
slides; the part D is usually spoken of as the photometer
bar. £ is the carriage containing the Bunsen screen. The
motor F is used to spin the lamp B while measurements are
being made; the reason for doing this will be explained later.
G and H are two adjustable resistances for keeping the volt-
age applied to the lamps at the proper value.

26. Fig. 13 shows a Deshler-McAllister photometer—a
simple instrument that has been quite largely used. in light-
ing stations for testing the light-giving qualities of the lamps
they are using. The principal difference between this
instrument and the one previously described is that an oil
lamp A is used as a working standard instead of an incan-
descent lamp. The bar is also provided with a scale reading
directly in candlepower, though the Willyoung instrument
could also be provided with a direct-reading scale, if desired.
(ne objection to using an incandescent lamp as a light
standard is that its voltage must be constantly watched and
kept at the proper amount. It is largely to get around this
difficulty that the oil lamp is used. 7This is an ordinary
lamp provided with a double wick and an adjustable screen .S,
by means of which the upper and lower ragged edges of the
flame are cut off. A", K" are standard incandescent lamps
that have been accurately calibrated at the lamp factory and
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of which the candlepower, at the voltage marked on them,
is known. Each of these standard lamps, in succession, is
placed at B and the pointer of the carriage set at the point
on the bar corresponding to the candlepower marked on the
lamp. The voltage at the lamp is then adjusted by means
of the rheostat G until it corresponds exactly with that
marked. When this has been done, the screen .S in front of
the flame of A is adjusted until the grease spot is balanced.
The lamp A is then of the same candlepower as the standard
and may be used for the measurement of other lamps, since
after it is once adjusted it is not likely to change, though it
should be checked up now and then to make sure that it
does not do so. The object in having a number of standard
lamps A, K instead of one only is to have a check against
any errors that might be caused by changes in the lamps.
Screens L,L are provided to cut off the light from the
observer’s eyes and a motor Fis used to rotate the lamp.
These station photometers are not expensive, and if prop-
erly used are of great value in detecting poor lamps.

27. After a person has become accustomed to the
photometer, good results can be obtained provided the
following conditions are fulfilled:

1. The lights, both the standard and the light being
measured, should be steady.

2. The standard and the light being measured should be
of approximately the same color.

3. The brightness of the light being measured and that
of the standard should not differ to an extreme degree; for
example, good results could not be expected if an attempt
were made to compare an arc lamp with a candle.

Most ordinary photometer bars are fitted with a scale
divided into equal divisions, as shown in Fig. 10, so that the
distances may be read off and the candlepower calculated
from these distances and the known candlepower of the
standard. If the standard used is always of the same value,
it is evident that the bar might be graduated to read directly
in candlepower, as in the photometer shown in Fig. 13.
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the center represents the candlepower in the direction of the
radius from that point, and if the candlepower were the
same in all directions, the curve would become a circle.

29. Vertical Distribution.—Fig. 15 shows the read-
ings for the candlepower obtained in a vertical plane with the
filament in the position shown. Viewed from position 1,
the candlepower is practically zero, because the light is
almost completely cut off by the base of the lamp. At
points 2 and { it is a maximum, because viewed from these
points the maximum amount of the filament is seen. At
point 3 the candlepower again drops off, because here the
filament is seen end on. The curve of horizontal distribu-
tion gives an idea as to
how the lamp throws light
in a horizontal plane, and
the curve of vertical dis-
tribution shows how the
lamp behaves as to throw-
ing the light up or down.
In speaking of the candle-
power of an incandescent
lamp, the mean horizontal
candlepower is usually
meant, and this is most
readily obtained by spin-
ning the lamp as described above. In many cases, how-
ever, it is customary to measure the candlepower in one
direction only, and the error in doing so is not usually
very great, because filaments are nearly always twisted
and the candlepower does not vary greatly when the lamp
is viewed from different directions. In case the lamp is
not revolved when measurements are being taken, it should
be adjusted with the plane of its filament at such an angle
to the photometer bar as will give the mean candlepower.
For example, in Fig. 16, suppose that .1 /3 represents the
axis of the bar and that we are looking down on the top of
the lamp. The line CD will indicate the relative position of
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4, 8, 10, 16, 20, 32, 50, and 100. The 16-candlepower lamp
is the one most generally used. Small lamps of %, 1, and
2 candlepower are also used for decorative and advertising
purposes.

PROPERTIES OF INCANDESCENT LAMPS

31. Temperature.—The temperature at which the fila-
ment of a lamp is worked may be anywhere from 1,250° to
1,350° C. The hotter the filament, the greater is its light-
giving power per watt consumed. Of course, it is desirable
to operate a lamp so that it will give a large amount of light
per watt, provided this can be done without injuring the
lamp. At a temperature of about 1,350°, an crdinary lamp
will give about 4 candlepower per watt; a 16-candlepower
lJamp would at this rate take 48 watts, or 3 watts per candle.
At a temperature of 1,300°, the same lamp might give about
1 candlepower per watt and thus require 64 watts for its
operation. Although it is thus advantageous, as far as
power consumption goes, to work the lamp at a high
temperaturc, it is found that if the temperature is pushed
too high, the life of the lamp is greatly shortened. On the
other hand, if the lamp is worked at a very low temperature,
it gives a small amount of light compared with the power
consumed, and although its life may be long, it is not satis-
factory as a light-giving source.

32. Efficiency.—When the efficiency of an incandescent
lamp or arc lamp is spoken of, the power consumption per
candlepower is meant. For example, if an incandescent
lamp required 3.5 watts for each mean horizontal candle-
power, its efficiency would be 3.5, or it would be spoken of
as a 3.5-watt lamp. This is not a very satisfactory method
of expressing efficiency, because, according to this, the larger
the power consumption per candlepower, the greater is the
efficiency; while in point of fact just the reverse is the case.
A much better way to give the efficiency would be to express
it as so many candlepower per watt, and in some cases it is
expressed this way. Evidently, the greater the number of
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voltage and current readings. A good ammeter and volt-
meter are to be preferred to a wattmeter for this kind of
work, as the results are more likely to be accurate. Direct
current should, if possible, be used for all testing, as alter-
nating-current instruments are more likely to lead to inac-
curate results. Current supplied from a direct-current
dynamo running at constant speed may be used, but .it
is more satisfactory to use a storage battery as the source
of supply, as the current from it is perfectly steady.
Readings of candlepower, current, and voltage should be
taken as nearly simultaneously as possible. When the

Toline.
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standard is an incandescent lamp, it is advisable to supply
both the standard and the lamp under test from the same
cireuit,  Any fluctuations in voltage will then affect both
lamps and their relative candlepower will be almost unaf-
fected. The results will, therefore, be much more accurate
than if the two lamps were run from separate sources
of current.

35. Lamp Estimates.—With an average power con-
sumption of 3.3 watts per candlepower, a 16-candlepower
lamp will require 16 X 3.3 = 52.8 watts. The current that
the lamp will requirc will depend on the voltage at which it
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16-candlepower lamp operated. Hence, if the output of the
‘d)"namo, in kilowatts, is known, the number of 16-candle-
power lamps that it is capable of operating may be obtained
approximately, by the following formula:

1,000 X K W
e @

in which A" W is the capacity of the dynamo in kilowatts.

Number of 16-candlepower lamps.-=

ExAMPLE.—About how many 16-candlepower lamps should a
12-kilowatt dynamo be capable of operating?
1,000 X 12

& = 200. Ans.

SoLuTioN.—Number of lamps =

Sometimes the output of the dynamo is given in volts and
amperes instead of in kilowatts. In such cases, the output
in watts is easily obtained by multiplying the volts by the
amperes, and the number of 16-candlepower lamps that
the dynamo can operate may then be obtained by dividing
by 60, as before.

ExAMPLE.—A dynamo is capable of delivering an output of

70 amperes at a pressure of 115 volts. About how many 16-candle-
power lamps can it run?

SoruTioN.—The output in watts will be 115 X 70 = 8,050, and since
each lamp requires about 60 watts, the capacity of the machine will
be #0%0 '

60

Note.—When the capacity of a dynamo is given as so many lamps,
16-candlepower lamps are always meant. - If 32-candlepower lamps are
operated, each 32-candlepower lamp should be counted as the equiv-
alent of two of 16 candlepower.

= 134 lamps. Ans.

37. The number of indicated horsepower required at the
steam engine to operate a given number of lamps will
depend on the amount of power lost in the dynamo and
engine. The approximate rule given above supposes that
60 watts are required at the terminals of the dynamo for
each lamp operated. There will be some loss in the dynamo
and in the engine, so that the indicated power at the cylin-
der of the engine must be more than 60 watts per lamp.
Just what this indicated power must be will depend on the
combined efficiency of the engine and dynamo, and this wi‘ll,
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burned at an efficiency of W, and L, the life when burned at
an efficiency of W,

L _ W
L, .
or L= W (5

ExAMPLE.—If a lamp has a life of 800 hours when burned at a
normal efficiency of 3.1 watts per candle, what will its life be when
burned at an efficiency of 3.4 watts per candle?

SOLUTION.— W, = 3.1; W, = 3.4; L, = 800; hence, from formula 5,
800 X 3.4°

Li="3p—

The slight increase in the watts per candle (from 3.1

to 3.4) means that the filament is worked at a lower tem-

perature and there is consequently a large increase in the

life of the lamp, though the light is not obtained as econom-
ically so far as the cost of power is concerned.

= 1,270 hr., approximately. Awns.

39. Assuming that the voltage is kept constant, a lamp
will gradually fall off in brilliancy after it has been burned
for some time, and after a certain point is reached it
becomes so uneconomical that it pays better to replace it by
a new one rather than attempt to run it until it burns out.
The length of time during which it pays to burn a lamp is
difficult to decide. Lamps will frequently burn over 2,000
hours before they give out, but after they have burned from
500 to 700 hours their candlepower has fallen off to such an
extent that it will probably pay to replace them. Many
large central stations make it a rule to replace lamps when
they have fallen off to 80 per cent. of their original candle-
power. For example, a 16-candlepower lamp would be
discarded when it had fallen off to 12.8 candlepower.

40. The falling off in candlepower is generally attrib-
uted to a disintegration of the carbon. The filament grad-
ually increases in resistance on account of small particles of
carbon being thrown off; this increase in resistance results
in a decrease in current and, conscquently, in a decrease
in candlepower. Moreover, the small particles of carbon
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at the end of 500 hours is still giving about 77 per cent. of
the original amount. '

41. vVoltages.—The voltage of an incandescent lamp is
the pressure that must be maintained between its terminals
in order that the resultant current shall cause the lamp to
give its rated candlepower. By far the greater number of
incandescent lamps in use are designed for voltages any-
where between the limits of 100 and 125 volts. For example,
100, 104, 110 are common values. When alternating current
was first introduced, it admitted the use of low voltages at
the lamps, because the current could be transmitted at high
pressure and then transformed to low pressure. At that
time, it was more difficult to make durable and efficient
lamps for 100 or 110 volts than for lower voltages, and a
pressure of 50 or 52 volts for the lamps became common.
This pressure is no longer used on new installations, because
there is now no difficulty in making lamps for the higher volt-
ages. A pressure-of 80 volts has been customary for marine
work, but in modern installations 110 to 125 volts is used.
Of late years, it has become possible to make lamps for
220 to 250 volts, and a number of plants using lamps of this
voltage are in successful operation.

In connection with lamp voltages, it may be interesting
to note that in the process of manufacture it is impossible to
make all the lamps come out at the voltage aimed at. For
example, if a lot of 110-volt lamps were to be made up, a
great many of them would come out at 108, 109, 111, or
thereabouts. It is often a good plan, therefore, for a station
to operate at an odd voltage of, say, 107 or 111 rather than
at 110, as the chances are that if lamps are ordered for the
odd voltages they will be obtained, whercas, if ordered for
the even 110 volts, it is probable that 108-volt or 109-volt
lamps marked 110 will be supplied, because it would be
practically impossible to supply all the lamps of exactly
110 volts without especially selecting them.

42. Gencral Remarks.—Incandescent lamps are made
for a wide range of voltage and candlepower. The power
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picture galleries, this same idea should be carried out. House
lighting is more for effect than general illumination.

In theater lighting, where the scenic effects depend entirely
on a careful adjustiment of light intensities, experience is the
only guide.

Among other points to be observed in placing lights is
the color of the surrounding walls. Dull walls will reflect
only about 20 per cent. of the light thrown on them, while
a clean, white surface will reflect 80 per cent. The height
of the room also reduces the effectiveness of a given light
intensity.

The unit used for expressing the degree of illumination
produced by any source of light is the foot-candle, or the
degree of illumination produced by 1 standard candle at a
distance of 1 foot from the object to be illuminated. An
illumination of 1 foot-candle is a good light to read by and
the illuminations met with in practice usually vary from
4 to 2 or 3 foot-candles. Since the illumination decreases
as the square of the distance, a 16-candlepower lamp at a
distance of 1 foot from an object would produce an illumina-
tion of 16 foot-candles, at a distance of 2 feet the illumi-
nation would be 4 foot-candles, and at a distance of 4 feet,
it would be 1 foot-candle; or, if B = candlepower of source
and D = distance in feet from object, then

illumination (foot-candles) = Di' (6)

The illuminating value of different lights is about as
follows:

TABLE 11
Light Foot-Candles
Ordinary moonlight . . . . . . . . . .025
Street lighted by gas . . . . . . . . .030
Stage of theater . . . . . . . . . . 2.9 to 3.8
Diffused daylight . . . . . . . . . |10.0t0 40.0







36 INCANDESCENT LIGHTING §32

in which a gas or vapor is brought to a high state of incan-
descence. The Nernst lamp represents a successful type in
which the glower or light-giving portion is not of carbon.
So far, lighting by vacuum tubes or by means of incandes-
cent gas has not been used to any great extent, though much
experimenting has been done, and it is possible that some
such system may ultimately prove practicable.

46. Efficiency of Light-Giving Sources.—Any
source of light may be considered as giving out two kinds of
radiation—luminous radiations and obscure radiations. The
energy that is expended in the luminous source sets up
vibrations in the ether, and those vibrations that have a
wave length lying between .000360 millimeter and .000810
millimeter are capable of affecting the eye and producing the
sensation known as light. All vibrations lying above or
below these limits are usless as far as producing light is con-
cerned. For example, all heat radiations (of long wave
length) represent so much waste energy. If we call 4 the
total radiation from a light-giving source, B the amount of
luminous radiation, and C the non-luminous or obscure radi-

ation, then, 4 = B + C, and the ratio% is the optical efhi-

ciency of the light-giving source, because it is the ratio of
the radiation that is useful in producing light, to the total
radiation. The efficiency of ordinary light-giving sources
as measured by this standard is very low. For example,
the optical efficiency of an oil lamp is not more than 3 per
cent.; that of an ordinary gas burner about 4 per cent.; and
that of an incandescent lamp 5 to 6 per cent., depending on
the temperature at which the filament is worked. The arc
lamp has a considerably higher efficiency; it may run as high
as 18 per cent. or more when measured in the direction in
which the lamp throws its maximum illumination, but the
average cfficiency is not more than 10 per cent.

There is room for a great deal of improvement in the
efficicncy of our light-giving sources, and efforts to effect
such improvement have been along the lines mentioned












40 INCANDESCENT LIGHTING §32

protected by the removable casing. One of the armatures of
the cut-out is shown at 2; G and.F are the lamp terminals.

49. The Glowers.—Fig. 21 shows a pair of glowers
and heater tubes. When mounted in the lamp the glowers
a, a are from % to 3% inch below the heater tubes 4, 4, and
about ¥ inch apart from center to center. The size of the
glowers and heaters, as shown in Fig. 21, is about the same
as used on the standard 220-volt lamp. The glower is about
.025 inch in diameter and 1% inches long. It is provided
with platinum terminal wires ¢, ¢ attached to copper wires

that terminate in small,

n UD] [66 tapered aluminum plugs

> - that allow connections

i to be made or broken

3 a easily. The platinum
° terminals are attached
a to small beads of plat-

Fic. 21

inum embedded in each
end of the glower. By making the connection in this man-
ner, any shrinkage of the glower causes the connection
to become tighter and therefore does not impair the con-
tact. The life of a glower will average from 600 to 800
hours, provided the voltage regulation is such that the
increase in voltage above normal does not exceed 5 per cent.
In placing glowers in the holders, care must be taken to
allow a small amount of end play; otherwise, the expansion
and contraction may result in breakage.

50. Heater Tubes and Holder.—Fig. 22 shows the
glower and heater tubes mounted in their porcelain holder.
The holder, together with the base on which it is mounted,
can be pulled away from the main part of the lamp. The
hzater coil consists of a porcelain tube with fine platinum
wire wound on its surface and covered with a protecting
paste that serves to shield the wire from the intense heat of
the glower and also furnish a white surface that will reflect
the light downwards. The heater tubes 4, IFig. 22, are held
in the porcelain holder 4, which is attached to the porcelain
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10 per cent. in the current passing through one of these
ballasts will cause as much as 150 per cent. increase in
resistance. A small amount of resistance is therefore suf-
ficient to insure stable operation, and the efficiency of the
lamp as a whole is higher than if an ordinary resistance were
used. By mounting the wire as described, all danger from

P

Lg--
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oxidation is removed, and the ballasts will last a long
time, provided the voltage regulation is good.

52. The cut-out consists of an electromagnet connected
in series with the glowers and arranged so that when current
passes through them it will attract two armatures (one of
which is shown at B, Fig. 20) and open the circuit through
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the heater coils. Each armature is suspended from its upper
end, and when the coil is energized, the armatures swing in
and open the circuit through the heater coils. There are two
armatures and sets of contacts in this lamp, so that the _
heater circuit is opened in two places. The armatures are
suspended loosely from a single point of support to avoid
humming caused by the alternating current in the coil. So
far, Nernst lamps have been used mostly on alternating
current, because direct current appears to decompose the
glower and make it short lived. However, considerable
advance has been made in the production of glowers for
direct current, and doubtless such lamps will soon be avail-
able. The wire of the cut-out coil is bedded in cement
because it must stand a temperature of about 110° C. It must

Fi1:. 24

be remembered that the glower is worked at a high tempera-
ture, so that the working parts of the lamp are necessarily
subjected to considerable heat.

53. Connections.—Fig. 23 shows the connections of a
two-glower lamp, and Fig. 24 shows the same connections in
a simplified form in order to bring out the heater and glower
circuits more distinctly. The glowers a, a are connected in
parallel, and in series with cach is a ballast . A is the cut-
out coil, which operates the armatures C, C and draws the
contacts away from the contact pins /), /), thus opening
the heater circuit in two places. When the lamp is not in
use, coil B is not energized and C and /) are in contact.
When, therefore, current is turned on, it takes the path
through the heaters 6, 4, and the glowers a,a are heated

46—10
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until they are able to conduct current; this usually takes
from 20 to 30 seconds. As soon as current passes through
the glowers, coil B is energized and the circuit through the
heaters is broken at 1, D. Nernst lamps are installed in
practically the same manner as incandescent lamps; that is,
they are operated in parallel on constant-potential circuits.
Ballasts and glowers must be selected with reference to the
actual average voltage of the circuit; failure to do this will
result in numerous burn-outs. The lamps must be hung in
a vertical position; otherwise, the cut-out will fail to operate.
The smaller sizes of lamp are made to screw into a socket like
an ordinary incandescent lamp, but the larger sizes are con-
structed as shown in Figs. 19 and 20, and are suspended and
connected up in much the same way as arc lamps. A recent
lamp, designed to compete with the ordinary 16-candlepower
incandescent lamp, gives 25 candlepower. It consists of
the same essential parts as the lamps just described, but the
arrangement of glower and heating coil is different. The
latter is made in the shape of a comparatively large open
spiral and surrounds the glower, which is placed inside the
spiral. The glower and heating coil are mounted together
as a unit, and when a glower burns out, both are renewed.
This type of holder was designed to simplify the mainte-
nance of the lamp and is intended more especially for use in
isolated localities.

54. Efficiency. —The chief advantages of the Nernst
lamp are its high efficiency, the natural color of the light, use-
ful downward distribution, steadiness, and high power factor.
The lamp takes approximately half the power expenditure
per candlepower required by the ordinary incandescent lamp.
The power required in the Nernst lamp is from 1.75 to
2 watts per mean hemispherical candlepower. The high effi-
ciency of the Nernst lamp is due to the fact that the glower
is worked at a high temperature, and also to the fact that the
substances of which the glower is composed possess the prop-
erties of selective radiation to a high degree, i. e., they emit
a large number of radiations that are capable of producing
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OSMIUM LAMP

56. Another type of incandescent lamp that shows a
higher efficiency than the carbon-filament lamp is that in
which the filament is made of the rare metal osmium.
This lamp has not yet been used commercially, but tests
made on it show that it takes but little over half the power
for the same amount of light as the carbon-filament lamp.
Osmium lamps maintain their candlepower well and have a
longer life than the carbon-filament lamp. The high price
of osmium prevents the commercial use of the lamp, and
another drawback is that, owing to the comparatively low
resistance of the metal, it is difficult to make lamps for
operation on the usual pressures of 110 or 220 volts.

VACUUM-TUBE AND VAPOR-TUBE LIGHTING

57. Many attempts have been made to produce light by
bringing the particles of a gas up to incandescence by the
passage of a current. Some gases or vapors, when ren-
dered incandescent, have the property of selective radiation
to a high degree; that is, a large proportion of the waves
given out are light waves, and a large amount of light is
produced with a comparatively small expenditure in heat.
In these lamps, therefore, a high efficiency is obtained by
using gases that give out a large number of light waves
rather than by using a very high temperature. Some of
these lamps give promise of much better efficiency than any
of the incandescent lamps, where heat is employed to bring
the light-giving substance up to incandescence, because
there is a limit to the temperature that can be attained, this
limit being fixed by the point at which the glower or filament
softens or burns out.

58. Vacuum Tubes.—It has been known for about
two centuries that if the air is partially exhausted from
a tube and a discharge passcd between electrodes sealed
into the ends of the tube, the whole tube is filled with a
phosphorescent glow. Tesla, Moore, and others have made
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other words, they will operate well even if the volt-
age regulation is poor. As an offset to all these
advantages, there is the peculiar character of the
light. The light from a mercury arc is devoid of red
rays, and the result is that the illumination produced,
while it is bright, has a strikingly ghastly effect,
which renders the lamp entirely unfit for any pur-
pose where it is necessary that objects should appear
in their natural color. This defect cannot be rem-
edied by using a red shade on the lamp, because a
red screen can only shut out rays that are not red; it
cannot introduce red rays. In other words, a red
screen would only serve to shut off the light, which
is of a peculiar green color, and would not help mat-
ters any. It is possible, however, that some sub-
stance may be found that, combined with the mercury,
will produce a spectrum containing red rays and
thereby improve the character of the light given by
the lamp. As it is, the light could only be used for
those places where illumination alone is needed and

. where color is of no importance. Theoretically, the

life of the tubes should be infinite, as there is nothing
in the light-giving material to deteriorate. However,
owing to breakage, etc., the average life is about
1,600 hours, which is nearly three times the eco-
nomical life of an incandescent lamp.

60. Methods of Starting.—With a tube such
as shown in Fig. 25, a high voltage is required to
start the arc. Suppose a pressure is applied to the
terminals @, 4. This pressure must be raised to sev-
eral thousand volts before the arc will start, but just
as soon as it does start, the voltage necessary to
maintain it drops to a small amount—as low as 50 to
100 volts. The seat of this high resistance appears
to be at the negative electrode. If the pressure
falls to a very low amount, even for an instant, the

Pic. % arc ceases and a high pressure is again required
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to start it. For this reason, the lamps cannot be operated
on alternating current.

In the Hewitt lamps two different methods of starting are
employed. The first method is indicated in Fig. 26. The
lamp is shown at 4; 4 is an inductance coil, ¢ a resistance,
and d a quick-break switch. To light the lamp, the main
switch is closed and the handle of the quick-break switch
pressed down. This allows current to flow through the
resistance ¢, inductance 4, and back to line by way of the
quick-break switch. The handle of the quick-break switch

) J Main
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Inductance Coil
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is then pulled out, thus suddenly interrupting the flow of
current through the inductance. The sudden collapse of the
magnetic field threading the turns of the coil, induces a high
momentary E. M. F. capable of overcoming the resistance
of the tube and thus starting the arc. The inductance and
resistance are kept in series in order to steady the operation
of the arc. It has been found that a metallic coating on the
outside of the tube and surrounding the' negative electrode,
as shown at ¢, Fig. 26, or at 4, Fig. 25, assists in breaking
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established starts the lamp so that it continues to operate
after the tube has resumed the position shown in the figure.
The lamps are made to run singly on 50- to 60-volt circuits,
two in series on 100 to 120 volts, or four in series on 200 to
240 volts. The length of the light-giving tube of a 50-volt
lamp is 18 inches and the candlepower 300. The lamps
started by the first method operate singly on 100 to 120 volts,
the tube of the 120-volt lamp being 49 inches long and
giving 750 candlepower.

Fig. 28 shows the cdhnections for a pair of tilting lamps.
In some cases the two lamps are mounted together in a

Fi1c. 28

common frame so that they can both be tilted at the same
time, under which conditions it is necessary to have only
resistances a,a’ and inductances 4,4 in series with each
lamp in order to steady the current. In case the lamps are
mounted separately, auxiliary resistances ¢, are provided
so that one lamp can be started and operated independently
of the other. For example, suppose lamp A is to be run by
itself. When the lamps are not running, switches o, d’ are
closed, but as soon as . is tilted, the current that flows
through it operates” switch 4 and cuts out the resistance ¢,
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which in this case is in the form of a couple of incandescent
lamps. The current that operates A passes around lamp B,
which has not been started, by way of the resistance ¢ and
switch 4. The resistance ¢’ takes the place of the resistance
of the lamp tube B, so that the lamp A4 can be operated by
itself. If lamps are used for the resistances ¢ or ¢/, they
light up as soon as the main switch is closed and show the
location of the vapor lamp, if it happens to be in a dark
place; they also serve as an indi-
cator to slrow if the main switch
has been left closed with the
vapor lamps unlighted.

62. Hewitt Static Con-
verter.—Vapor tubes must be
operated on direct current. They
will not operate on single-phase
alternating current, because at
the instant the current becomes
zero the resistance of the tube
becomes so high that the current

N S i will not flow. The effect is the
same as if the tube acted as an

A electric valve and allowed the cur-
rent to flow in one direction only.

—|Il|||-— If, however, a tube is arranged

with a number of electrodes con-
nected to a polyphase system, the

Fie. 29 arc is maintained because there is
always a flow of current in the direction required for the oper-
ation of the tube. The other half waves are suppressed, and
the device therefore acts as a converter for changing from
alternating current to direct current. Fig. 29 shows the
arrangement developed by Mr. Cooper Hewitt, by means of
which three-phase alternating current can be converted to
direct current. A, B, C represent the three windings of a
Y-connected, three-phase alternator or transformer with a
wire brought out from its common junction x. D is a.glass
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globe with three electrodes a, 4, ¢ sealed in at the top and a
third electrode d at the bottom. The lower part of the globe
contains a small quantity of mercury, as in the tubes
used for light-giving purposes. When the current passes
through 0, it can pass from the upper terminals to the
lower, but not in the reverse direction. The result is that
a direct current is supplied to the circuit £/, and lamps,
direct-current motors, or storage batteries can be operated
on this circuit. The drop between the upper and lower
terminals of the static converter D is about 14 volts, and
remains about the same no matter what current is passed
through the converter. If the line voltage were 600, the
efficiency would therefore be about 97.7 per cent., and with
1,800 volts, the efficiency would be 99 per cent. A converter
having a capacity of 8 kilowatts consists of a globe about
7 inches in diametef and weighs about 3 pounds.

The description of the Hewitt static converter is given
because the discovery of its action as a converter was an
outgrowth of the experiments on the mercury arc as a light-
giving source. The converter has not been used to any
great extent commercially; but if it should prove practicable,
it will afford a much cheaper and simpler means of convert-
ing alternating current to direct than is now available in the
rotary converter or motor generator. It has already been”
used on a small scale for charging storage cells from alter-
nating-current mains.
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(PART 2)

SYSTEMS OF DISTRIBUTION

1. In considering the different systems commonly used
for supplying electrical energy to the lamps, the local dis-
tribution by means of the wiring in buildings will not be
described, as that part of the subject belongs properly to
interior wiring. Current for electric lighting is distributed
from the station to the point of utilization in the same
manner as for power transmission; in fact, in the majority of
cases the electric energy transmitted is used both for light-
ing and power purposes. The following brief descriptions of
the more important distributing systems are intended to
point out how the methods already described are applied
to electric-lighting work.

In most cases, the current required for the operation of
incandescent lamps is distributed at a constant potential; i. e.,
the aim is to keep the pressure at the station such that the
pressure at the lamps will remain constant, no matter what
the load may be. If the pressure at the lamps is not main-
tained uniform within narrow limits, the service will be poor,
the life of the lamps short, and the complaints from cus-
tomers numerous. Where the lamps are run on a constant-
potential system, the current transmitted over the Itnes
increases with the load, because every light turned on means
just so much more current to be supplied. The consequence
is that the drop in the line increases with the load, and in
order that the pressure at the lamps shall be maintained
constant instead of falling off on account of this drop, the
pressure at the dynamo or station must be raised slightly.

For notice of copyright, sce page immediately following the title page
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In any event, no matter what means may be adopted for
distributing the current, the aim should be to provide the
lamps with a uniform pressure and to see that this pressure
is kept uniform, no matter how the number of lamps operated
may vary. The distribution should also be designed to accom-
plish this object with the least possible expense; i. e., the dis-
tributing lines should be laid out so as to secure the desired
results with the smallest possible amount of copper and

loss of energy.

METHODS OF CONNECTING LAMPS

2. Lamps in Parallel.—In the great majority of cases
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incandescent lamps are connected in paral-
lel, as shown in Fig. 1. In this case, the pres-
sure between the two lines must be kept at a
constant value, otherwise the current flowing
through the lamps will vary. Since the resist-
ance of a lamp cannot change, unless the
temperature of the filament changes, the cur-
rent that will flow through any lamp depends
on but two things—the pressure between the
lines and the resistance of the lamp. The
current in each lamp is equal to the pressure
between the mains divided by the resistance
of the lamp. So long as the pressure is kept
constant, the turning off or on of any lamp
does not affect the others, but the current in
the mains will increase when lamps are turned
on and deccrease when they are turned off.
Incandescent lamps are connected in this way,
because the arrangement is extremely simple;
each lamp is independent of the others, and
the pressure between the lines is low.

3. Lamps in Series.—Lamps are occa-
sionally connected in series, as shown in
Fig.2. This arrangement is used principally

for street lighting; it is seldom used for interior work
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In this case, the same current flows through all the lamps;
hence, their filaments must be of the same current-carrying
capacity. If it is desired to have some lamps of higher
candlepower than others, their filaments must be made
longer. The pressure across the terminals of any lamp
can be found by multiplying the resistance of the lamp
by the current flowing. Also, since the lamps are con-
nected in series, the total pressure required to force the
current through the circuit will be the sum of the pressures
required for the separate lamps. For example, suppose that
there are ten lamps, each requiring a pressure of 20 volts
and a current of 8% amperes; also, five lamps, each requir-
ing a current of 3% amperes and a pressure of 40 volts. The
total pressure required for the circuit, neglecting the loss in

r‘glf”’ _.

F1G.2

the line, will be 20 X 10 + 5 X 40 = 400 volts. In this sys-
tem, the line current is small; hence, it is well adapted
for street incandescent lighting, where the area to be
covered is large. It should be noted that the current must
be maintained at the value for which the lamps are designed.
This means that the pressurc betwecen the ends of the line
must be raised as more lamps are added to the circuit,
because the resistance is increased. Also, the pressure
must be lowered when lamps are cut out, otherwise the cur-
rent will increase and burn out the remaining lamps. In the
series system, the current is constant and the pressure varies;
in the parallel system, the pressure is constant and the cur-
rent varies as the number of lamps in use is increased or
decreased. Another point to be noted is that means must be
provided for maintaining the circuit arcund the lamps, in
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case they should burn out; otherwise, the breaking of one
lamp will put out all the lights on the circuit. The method
by which this is accomplished will be described when this
system is taken up in detail. It will also be noted that if
the number of lamps operated is large, the pressure applied
to the circuit must be correspondingly high; this introduces
an element of danger and is one reason why series lighting
is not used for interior work. Lamps in series may be cut out
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of circuit by short-circuiting them, as indicated by switch .S,
Fig. 2; whereas, in the parallel system they must be cut out
by opening the circuit through the lamp by means of a
switch in series with it. This switch may be a separate
device a, Fig. 1, or it may be in the lamp socket and worked
by a key é.

4. TLamps in Multiple Series.—This method, some-
times called parallel series, is a combination of the two
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preceding and is used in a number of special cases. Perhaps
its widest use is in connection with the lighting of electric
street cars, but it is also used in mine lighting work, where
lights are operated from the haulage system.

Suppose, for example, that lamps are to be operated on
mains between which a constant pressure of 500 volts is main-
tained, as on a street railway. Lamps cannot be obtained
for 500 volts and a single 100-volt lamp will be burned out
instantly if it is connected across the
mains, but five 100-volt lamps may be
connected in series, as in Fig. 3. With
this arrangement, the current. through
the series of five lamps will be about
4 ampere and the pressure across each
lamp 100 volts. Any number of such
series of five lamps may be connected
across the mains. If one light goes out,
it puts out the other four in the same
circuit with it, but, if any lamp is cut out,
by short-circuiting it, the voltage on the
other four lamps becomes higher than they
can stand, because the pressure between
the mains is constant, and cutting out the
drop through one lamp simply throws that
much more pressure on the others.

Fig. 4 shows a multiple-series arrange-
ment with two lamps in serics—a scheme
of connection that is sometimes used for
operating lamps on 220-volt power circuits, for example, in
mine-haulage plants. By adding the middle, or neutral, wire
to Fig. 4, the three-wirc system, Fig. 5, so extensively
used for distribution in large cities, is obtained. The mul-
tiple-series system, as in Fig. 4, is not used for gecneral
interior lighting work. It is used, however, for decorative
lighting where a number of lamps of low candlepower are
connected in series across the low-potential mains.

46—11
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DIRECT-CURRENT, CONSTANT-POTENTIAL
SYSTEM

5. Simple Two-Wire System.—This method of dis-
tribution is very largely used for small, isolated plants, or
any installation where the power is transmitted a short
distance only. The lamps are usually operated at 110 or
220 volts and the current is supplied by compound-wound
dynamos. Fig. 6 shows a single dynamo G operating lamps
on the simple two-wire system. Two main wires 4, 4
run from the dynamo (the various switches and measuring
instruments being here omitted for the sake of clearness)
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and the lamps are either connected directly across this pair
of mains or are connected across branch mains, as shown at
B,B and (,C. This arrangement answers very well for
small plants, where only a small number of lamps are oper-
ated and where they are not scattered very widely.

6. Feeders and Mains.—If the lamps are scattered over
a considerable area, it is best to run out feeders A, B,
Fig. 7, to what are known as centers of distribution, as
at C and D, and at these points attach mains £, F to the
feeders. The centers of distribution should be selected so
as to lie near the points where the bulk of the light is used.
No lights are attached to the feeders; they simply convey
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current from the station to the center of distribution, which
becomes, as it were, a kind of substation. By this method,
a considerable drop can be allowed in the feeders without
causing any trouble at the lights. For example, suppose
that 110-volt lamps are to be operated and that a drop of
15 volts is allowable between the dynamo and the last lamp
on the line. The feeders might be calculated for, say, a drop
of 13 volts. This large drop will allow comparatively small
feeders to be used and will not be injurious to the lamps,

* F16. 7

because the pressure at the point C will be maintained at 112
volts, and the variation in pressure along the lamp mains
will be but 2 volts.

7. The arrangement just described is known as the
feeder-and-main system; its advantages may be summed
up briefly as follows:

1. It allows the use of a large drop in the feeders carry-
ing the current to the point where it is distributed, thus
permitting the use of comparatively small conductors and
thereby cutting down the expense.

2. It allows this large drop without introducing large
variations in the voltage obtained at the lamps.
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3. It allows the district lighted to be divided into sec-
tions, each supplied by its own feeder, and thus admits of
each section being controlled independently from the station.

8. Three-Wire System.—The simple two-wire system,
even if operated on the feeder-and-main plan, requires alto-
gether too much copper to admit of very extended use.
For moderate distances, the three-wire system, Fig. 8,
is used. A large amount of lighting is carried out on this
plan in New York, Philadelphia, and other large cities. It
is not confined to direct current alone, but is also largely
used with alternating current.

e
Fi16.8

The two dynamos A4 and 7 are connected in series and
supply current through the feeders 1, 2, 3, etc. to the differ-
ent centers of distribution, where the mains a, &, ¢ are
attached. This arrangement effects a considerable saving
in copper over the two-wire system; the pressure com-
monly used is 110 volts on each side of the circuit, or
220 volts between the outside wires. In some recent plants,
220-volt lamps are used, thus requiring 440 volts between the
outside wires.

9. Speclal Three-Wire Systems.—The ordinary three-
wire system has the disadvantage of requiring two dynamos.
If the load were absolutely balanced, one 220-volt dynamo
would be sufficient, but in most cases an accurate balance
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connected across the mains, as shown at /f. When one side
of the system is more heavily loaded than the other, the
machine on the heavily loaded side runs as a dynamo and
helps to supply current to that side, while the machine on
the lightly loaded side absorbs power and runs as a motor,
thus equalizing the load. Take, for example, the special case
shown in Fig. 10, where there are twelve lamps on one side
and six on the other, or eighteen lamps, in all, supplied from
the 220-volt machine 4. Allowing 55 watts per lamp, this
55 X 18

220
current flowing out on F and back on F/’ must, therefore,
be 4} amperes. The upper side requires 6 amperes and the
lower side 3, because there are twelve lamps in parallel in
the one case and six in the other. There are, then, 3 amperes
coming back through the neutral, of which 13 flow through a’,
running it as a motor and generating 13 amperes in a.
This is added to the 43 in line 7, thus making the six required
for the upper side. If the lower side should become more
heavily loaded than the upper, the current in the neutral
wire would be in the opposite direction and the action of
a and a’ would be reversed; that is, a would act as the motor
and a’ as the dynamo.

The motor-dynamo, or balancer, is not necessarily placed
in the station; it may be placed at a point near the center of
distribution, thus requiring only two feeders F and F’ to be
run back to the station. In this illustration, the losses in the
balancing set have been neglected. As a matter of fact,
machine A4 will furnish more than 44 amperes in order to
make up for the losses in a, a’ and supply the lamps as well.

Fig. 11 shows the connections for a balancing set more in
detail, () being the elementary connections and (4) the com-
plete diagram indicating the various instruments. A4 and B
are the armatures of the balancer and C the armature of
the main generator; 4 and ¢ are field rheostats in the shunt
fields, and £ the field rheostat of the generator. In order
to start the set, it is necessary to provide a starting rheostat
at g, so that one of the machines can be started as a

gives 55 X 18 watts and, hence, = 4} amperes. The
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direct-current motor. Voltmeters and ammeters should be
provided as shown, the former indicating the voltages of the
main machine and the pressure on the two sides of the three-
wire circuit, and the latter indicating the current output of
the main machine and the current in the neutral. The read-
ing of the neutral ammeter shows the amount of current
handled by the balancer. A trip coil £ is placed in the
neutral wire leading to the balancer, so that if the current
becomes excessive, a circuit is closed through the trip coil
of the circuit-breaker £, thus cutting off the main generator.
If an overload on the balancer were taken care of by placing
a circuit-breaker at »m or », damage would result, for if a
short circuit should occur on either side of the system, the
circuit-breaker on that side would at once fly out, and since
the main machine would still be connected, an excessive
voltage would be thrown on the lamps. In most large
stations operating on the three-wire system, the amount of
unbalancing is usually small compared with the total load
carried, so that the capacity of the balancing arrangement is,
as a rule, small compared with that of the main dynamo.
Balancing sets are now generally used in preference to
the old method employing two main dynamos connected
in series.

12. vVoltage Regulation.—In stations where a large
number of lamps are operated, it is usually necessary to
have several distinct feeders running to the different districts
to be lighted or supplied with power. Some of these feeders
may be long, others quite short. In order, therefore, to
keep the cross-section of the long feeders within a reasonable
size, a larger drop must be allowed in them than in the
short feeders. It is necessary, then, to have some means of
supplying the long-distance feeders with a higher pressure
than those supplying the near-by districts. Of course, the
voltage on the short feeders might be cut down by inserting
resistance in series with them, as has been done in some
cases, but this method is wasteful of power and is not to be
recommended. :
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generates 125 volts and that the long-distance feeders require
140 volts between the outside and neutral wires; 15 volts
must, therefore, be added to each dynamo voltage. This is
accomplished by the boosters (, [, which are connected
as shown.

The boosters are small dynamos driven either by a
steam engine or, more frequently, by an electric motor.
The fields are separately excited from the mains and the
armatures are connected in series with each of the outside
wires. The armatures must be capable of carrying all the
current used on the long-distance feeders and be able to
generate a pressure equal to that by which the voltage is to
be raised. For example, in this case the booster armatures
would generate the extra 15 volts required and thus give
140 volts on the feeders a, b,c and o/, &,c. By varying the
field rheostat of the boosters, the voltage on the feeders
may be adjusted.

14. Five-Wire and Seven-Wirc Systems.—The three-
wire system has been extended so as to make use of higher
potentials by employing four dynamos in series and three
neutral wires. This allows the use of 440 to 500 volts
between the outside wires and permits a still larger area to
be covered than by the three-wire system. BSeven-wire
systems with six dynamos in series have also been used,
and the five-wire system has been successfully applied on
the continent of Europe. Five-wire and seven-wire systems
have met with little favor in America, the practice being to
use alternating-current methods of distribution if pressures
higher than those given by the 110-220-volt or 220-440-volt
three-wire systems are required. The use of three-wire
systems with 220-volt lamps and 440 volts across the outside
wires is gradually extending, because the higher pressure
allows larger areas to be supplied and effects a saving in
copper over the 110-220-volt system.
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pressures first used were 1,000 volts on the primary mains
and 50 or 52 volts on the secondary. As the construction
of alternators, transformers, and lamps was brought to a
higher stage of perfection, the pressures were increased to
2,000 volts primary and 100 to 110 volts secondary. The
frequency used in the early plants was usually from 125 to
133 cycles per second; in later plants, 60 cycles has become
common practice.

The great advantage of this system over the direct cur-
rent lies, of course, in the use of the high pressure for
transmitting the current. The introduction of alternating
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current rendered possible the lighting of many places that
could not afford the expense of installation that would be
necessary if direct current were used. It also rendered
water-powers available that were located at some distance
from the centers to be lighted.

18. It was formerly customary to install small trans-
formers for each customer, as shown at A, B, C, Fig. 18,
and if a large amount of current were required at any point,
a number of transformers were connected in parallel, as
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furnishing light to the business part of a town, while in the
residence part it is frequently necessary to use individual
transformers on account of the customers being scattered.
These remarks apply also to lighting systems using two-
phase or three-phase distribution.

19. Polyphase Systems.—Polyphase systems of distri- -
bution are used extensively for electric lighting, but, so far
as the lighting is concerned, they have little if any advantage
over the single-phase system. The chief reason for their
use is to permit the operation of alternating-current motors
from the same system as the lights. The three-phase system
also has the advantage of reducing the amount of copper
required in the lines—an advantage of considerable impor-
tance when the current has to be transmitted for a long
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distance. The regular two-phase and three-phase systems
have been described, but a few special methods of operating
lights from polyphase machines may be mentiored here.
When alternators were first installed in lighting stations,
they were of the single-phase type, because polyphase motors
had not at that time come into use and the current was
employed for lighting exclusively. When alternators are
now installed, it is usually desirable to put in a machine
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that may arise can be compensated for by means of feeder
potential regulators. In most stations where a number of
feeders run out to points varying in distance from the
station, these regulators are provided anyway, in order that
the voltage supplied to the lamps may be under control.

In some cases where lights are operated from a three-
phase alternator, the four-wire three-phase system is used.
This is shown in Fig. 16. The secondaries of the trans-
formers A are Y-connected and are wound to give the
voltage required by the lamps. The fourth wire is brought
from the common connection of the Y winding, and the vari-
ous single-phase circuits are connected between the fourth
wire and the other three as shown. In this case the feeder
running from the station is three-phase and the lamps are
fed from the four-wire secondary mains. The voltage
between any pair of the three mains connected to the ter-
minals of the Y winding would be £ X V3, where £ is the
lamp voltage. Since these mains arz three-phase, induction
motors can be operated from them; if 126-volt lamps were
used, standard 220-volt motors could be run from the
same mains.

Fig. 17 shows a lighting system in which the three-phase
alternator is provided with a fourth collector ring connected
to the common junction of the winding; a fourth bus-bar
is connected to this ring. This fourth wire acts as a com-
mon return, and the single-phase feeders can be connected
across any one of the three armature windings. For supply-
ing lights to distant points, long four-wire feeders may be
run out, and the lights or motors-in the district supplied at
the end of the feeders can be divided so as to secure an
approximately balanced load. The action of the four-wire
three-phase system is somewhat similar to the ordinary
three-wire direct-current system.

21. Mixed Systems.—In many large cities, extensive
installations on the Edison three-wire svstem have been
madec in the past for the operation of both lights and
direct-current motors. These were supplied from stations
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located as close as possible to the distribution centers. As
the area to be supplied spread, and as alternating current
became more extensively used for power-transmission work,
these companies adopted the plan of supplying the existing
direct-current systems with power from substations supplied
with alternating current from one central station, or perhaps
from a distant water-power plant.

Fig. 18 shows the scheme referred to. Alternating
current is transmitted from the central station at 4, usually
by means of the three-phase system, to the substations B
or C, where it is stepped-down by means of trans-
formers 7, 7, 7. ‘The current may then be sent through
rotary converters R, R and fed into a three-wire system, as
shown, or it may be fed to an alternating-current motor M
that is coupled to direct-current machines O, O. Sometimes
arc lights are also supplied from these substations by coup-
ling alternating-current motors to arc-light dynamos.

A large amount of lighting is carried out, especially in
cities, by using the plan just described. Fig. 19 shows a
motor-generator set used for transforming from three-phase
alternating to three-wire direct current. The three-phase
synchronous motor 4 receives current from transformers
after it has been stepped-down from the high-tension line that
transmits it from the central station. The motor drives the
two direct-current dynamos £ and C, which are connected in
series and supply current to the three-wire system.

For electric-lighting work, the use of a synchronous
motor driving direct-current generators gives better results
than rotary converters, because the former arrangement
maintains a steadier voltage on the direct-current side, a
feature of great importance in connection with incandescent
lighting. “If the voltage supplied to the alternating-current
side of a rotary converter varies, the direct-current voltage
will also vary. Conscquently, all the bad cffects of drop in
the alternating-current transmission line are felt on the
direct-current side, and therefore cause fluctuations in the
lamps. If, however, synchronous motors are used to drive
separate direct-current machines, the speed of the motor will
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be constant so long as the speed of the distant dynamo is
constant, no matter what may be the fluctuations in the
voltage delivered, because the motor is bound to run in
synchronism; the direct-current machines will therefore
deliver a steady voltage, because of the constant speed.
For similar reasons, synchronous motors are better than
induction motors for this work, the latter giving variable
speed and lower power factor.

22. The use of constant-potential alternating current of
the two-phase or three-phase variety allows a great flexi-
bility in the kind of apparatus operated from one station.
If it is necessary to have direct current for any purpose, the
transformation is easily effected. In general, where rotary
converters or alternating-current motors are used, it is
desirable to have a low frequency, say, about 25 or 40. On
the other hand, the frequency should not be below 30 or
40 cycles per second if the current is to be used for incan-
descent lighting. A high frequency calls for less expensive
transformers, and between all these requirements, which are
more or less conflicting, a frequency of 60 has been very
generally adopted for systems where the current is used
both for light and power.

23. Frequency Changers.—In some cases, the con-
ditions may be such that the greater part of the current on
an alternating system is utilized at low frequency for general
power purposes or for the operation of rotary converters.
However, part of the current may be required for lighting
work, for which a higher frequency is desirable. For
example, the frequency generally used might be 25 cycles
per second, whereas, the frequency required for alternating-
current arc lamps should not be below 50 cycles per second.
To change from one frequency to another, frequency
changers are used. Thus, a low-frequency synchronous
or induction motor can be coupled to a higher frequency
alternator. Synchronous motors are generally used in
preference to induction motors for this purpose. The
Stanley inductor alternator in slightly modified form can
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be used as a frequency changer. This machine is double,
having two sets of revolving polar projections and two
armature windings. One side of the machine can, there-
fore, be provided with a different number of poles and
a different winding from the other. For example, one side
might have half as many poles as the other and operate
as a synchronous motor; the other side will then operate as
an alternator and the machine will constitute a frequency
changer, changing from one frequency to twice that fre-
quency. By winding the two sides of a frequency changer
for different voltages, the machine can, if necessary, be
used to transform the voltage at the same time that the fre-
quency is changed.

PROTECTION OF SECONDARY CIRCUITS

24. Alternating current is used for lighting work
because it allows a high pressure for transmitting the cur-
rent from the station. It is necessary, however, to use a
low pressure for operating the lamps, becausc it is practi-
cally impossible to devise a system of house wiring that is
safe under high pressure, and, moreover, incandescent lamps
cannot be constructed for high pressure. On alternating-
current lighting systems, therefore, the pressure on the line
is much higher than that supplied to the consumer; for
example, the line pressure may be 2,000 volts and the lamp
pressure 100 volts. On this account it is very important that
the secondary winding should never come in contact with the
primary, because the presence of the high voltage on the
secondary wiring is dangerous. A number of deaths from
shock can be traced to this cause; in fact, this element of
danger was at one time advanced as an argument against
the use of alternating current for lighting purposes.

In Fig. 20, let P reprcsent the primary coil of a trans-
former connected to high-tension mains and .S the secondary
coil connected to the house wiring that supplies the lamps /7, /.
Suppose that the insulation between the primary and secondary
coils breaks down at the point a; also, suppose that there is a
partial ground on one of the primary lines ¢ and that a person
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standing on the ground, or in connection with anything
that can conduct current to the ground, touches one of the
wires 4, say, by touching an exposed lamp base or lamp socket.
A path through the person’s body is at once established and
the high-tension current is free to flow, as indicated by the
arrows. The shock resulting from such a current has proved
fatal in many cases. There is almost always more or less
of a ground on high-tension lines, because it is practically
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impossible to maintain perfect insulation where wires are
strung in the air and make contact with trees. A ground
between primary and secondary, therefore, results in a very
dangerous condition, the more so because there is nothing
to indicate that such a condition exists until some accident
happens. The same condition will arise in case the primary
wires in any way becopie crossed with the secondary wires
leading from the transformer.

25. Breakdowns between primary and secondary may
be due to defective insulation, or they may be caused by a
high-potential discharge, such as a stroke of lightning.
The insulation in the older styles of transformer was by no
means as good as that now employed; it gradually became
decomposed under the long-continued heating, in many cases
being affected so that it had very little mechanical strength
and thus provided insulation of a very poor order. Any
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abnormal rise in voltage was almost sure to break down the
insulation of such transformers, and the breakdown was
usually followed by a burn-out. In modern transformers,
the working temperature is kept down by careful design and
efficient ventilation. Much attention has becn paid to the
character of the insulation, and the use of oil, together with
the better insulation, has resulted in a great reduction in the
number of breakdowns due to lightning or other causes.
No transformer should be put into service that cannot stand
a high-potential breakdown test between its primary and
secondary. For example, an ordinary 2,000-volt lighting
transformer should stand a test of at least 6,000 volts
between primary and secondary; some manufacturers give
a test of 10,000 volts. In Fig. 20, if the secondary were
permanently connected to the ground, as at 4, a person
touching either side of the secondary could never receive a
shock greater than that due to the secondary voltage.

In order to prevent accidents, a number of protective
devices have been invented to ground the secondary auto-
matically whenever a breakdown occurs, or whenever the
pressure between the secondary wiring and the ground
becomes abnormally high. These devices arc not used very
extensively; yet, while they may not always be reliable in
their action, they render the system safer.

26. Thomson Protective Devlccs.—Flg 21 shows a
protective device invented by
Prof. Elihu Thomson. It con-
sists of copper shields ¢, ¢ placed
between the primary and sec-
ondary coils in such a manner
that any connection between the
coils must take place through
the shield, which is connected
to the ground. If, therefore, a
breakdown takes place between Fic. 21
primary and secondary, the latter becomes grounded and
thus protects the secondary system.

b 4
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The ground shield is not, however, a positive protection
under all conditions and is now seldom used. A short
circuit may burn a hole through the shield, or the primary-
and secondary-coil terminals may touch each other outside

]

the shield. Moreover, the ground shield makes the trans-
former more difficult to construct and insulate properly. If
ground shields are used, they must not form a complete cir-
cuit around the transformer core, otherwise they will act as a
short-circuited secondary and heavy
currents will be induced in them.

27. Figs.22 and 23 show another
Thomson protective device. Its
operation will be understood by refer-
ring to Fig. 23. The plate a is con-
nected to the ground and plates 4, &
are connected to the secondary lines.
Plates @ and &6 are separated from
each other by pieces of thin prepared
paper c, ¢ that are easily able to stand
the normal secondary voltage. If,
however, the primary and secondary
become connected, or if the second-
ary voltage in any way becomes
excessive, either one or both of the
films ¢, ¢ break down, thus grounding the sccondary. If both
films break down at the same time, the secondary will be
short-circuited and will cause the primary fuses to blow,
thus cutting off the transformer. As tar as the automatic

P1c. 22







32 INCANDESCENT LIGHTING §33

transformers must be taken down; they can be subjected to
a high-potential test by means of a small portable testing
transformer.

In case transformers supplying a two-wire secondary
system are grounded, the ground connection is made from

L !
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the middle point of the secondary coil, as shown in
Fig. 24 (a). This reduces the strain on the secondary
insulation to half what it would be if either secondary line
were grounded. If the secondary system is three-wire, as in
Fig. 24 (4), the neutral or middle wire is grounded.

GROUNDING OF NEUTRAL ON THREE-WIRE DIRECT-
CURRENT SYSTEM

29. The grounding of the neutral wire of three-wire,
secondary, alternating-current systems protects the second-
ary from high-tension primary currents, and therefore is
desirable on the score of safety. There has been a great
deal of discussion as to the advisability of grounding the
neutral on low-pressure, direct-current, three-wire systems.
The argument as to safety from shock does not apply here
with the force that it does with alternating-current secondary
systems fed from high-tension primary lines. In direct-cur-
rent three-wire systems, the pressure between the outside
wires is seldom over 450 volts, and in most cases it does not

Vo w2
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exceed 250 volts, neither of which is high enough to be,
under ordinary conditions, dangerous to life. If the neutral
wire is grounded permanently, the maximum pressure that
can exist between either of the outside wires and the ground
is one-half the voltage between the outside wires; whereas,
if the neutral is not grounded, the.pressure existing between
one outside wire and the ground would be equal to the full
pressure between the outside wires in case a ground devel-
oped on the other outside wire. This fact has been advanced
as an argument in favor of grounding of the neutral, but it
is evident that it does not carry the same weight with direct-
current systems as with alternating, because with the latter
the voltage between the lines and ground may, under certain
circumstances, become as high as that on the primary, while
with the former it can never be greater than the voltage
between the outside lines.

- It has also been claimed that by grounding the neutral,
the earth helps the conductor to carry the current, and thus
improves the voltage regulation, particularly on unbalanced
loads when the current in the neutral is considerable. This,
however, is a doubtful advantage because, if large currents
are allowed to flow through the ground or through neighbor-
ing pipes, electrolytic action will set in wherever current
flows from the pipes or other conductors into the moist
earth, thus causing corrosion. When the ncutral wire
is grounded, a ground on ecither of the other wires will
lead to a short circuit, whereas with an ungrounded -
neutral two grounds are nccessary. On small systems,
where a ground can be rcadily located and cleared before
another ground develops, it is not customary to ground the
‘neutral. It must be remembered that when the neutral is
grounded. the maximum pressure that can exist between the
outside wires and the ground is limited to one-half the volt-
age between outside wires; hence, the pressure that may be
acting on defective insulation to start a leak to ground can
never be as great as if the ncutral were not grounded. At
the same time, a permanent ground on the ncutral invites
grounds on other parts, and for a long time the Fire

)
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Underwriters would not allow the neutral to be grounded;
grounding is now permitted by their rules.

If a three-wire system is carrying an unbalanced load of
lamps, and if the fuse in the neutral blows, it is evident that
the lamps on the lightly loaded side will receive an excessive
voltage, and are apt to be burnt out. On this account, the
neutral is often not fused at all; or if it is, a heavier fuse is
used than on either of the outside wires.

If fuses are used on the neutral branches as well as on the
outside wires, the risk of blowing neutral fuses is reduced if
the neutral is grounded. Suppose, for example, that the
neutral is not permanently grounded and that a ground
occurs on the positive main feeder; suppose, also, that a
ground occurs on a branch neutral line. The fuse on the
branch neutral will blow because it is much smaller than the
fuse protecting the main feeder, and the result will be a
burn-out of lamps. If, however, the neutral is grounded at
the dynamo, a ground on either positive or negative will blow
one of the outside fuses and no danger to the lamps can result.

On large three-wire systems, where an extended network is
supplied through underground cables or Edison underground
tubes, the neutral is generally grounded, as the advantages
of grounding outweigh the disadvantages; for small systems
or for isolated plants it is better on the whole to keep the
neutral insulated.

ALTERNATING-CURRENT, CONSTANT-CURRENT
SYSTEM

GENERAL DESCRIPTION

30. The alternating-current, constant-current
system is used for series incandescent street lighting and is
well adapted for suburban districts or residence streets in
cities that are so shaded by trees as to make arc lighting
difficult. It is also an excellent system for street lighting in
small towns and villages, because it can be operated from
the same generating outfit used for constant-potential
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interior lighting and the cost of the street-lighting outfit is

smaller than would be required for arc lighting. Moreover,

it requires very little work to keep the lamps in running

order, as compared with arc lamps, and street lighting can

often be carried out by this system where arc lighting would

not pay. Of course, street incandescent lamps could be

operated from constant-potential transformers in the usual

manner, but this class of lighting is usually so scattered that

parallel distribution at low pressure is out of the question.

The series arrangement uses a small current at high pressure
and hence requires but a small amount of line wire.

Series incandescent circuits are operated from the regular

constant-potential alternators. For example, in Fig. 25, A

represents a constant-potential alter-

nator supplying ordinary incandes-

cent lamps through transformer 5.

A series of lamps /,/ is connected

across the circuit. With this simple

. arrangement, the current through the

— ) lamps will remain constant so long

‘Transformer

8treet Circui
F16.25

as no lamps burn out. If one or more lamps burn out, the
current will increase because the voltage generated by .f
remains constant and the reduction in the number of lamps
lowers the resistance of the circuit. Each lamp must be
provided with a device of some kind that will automatically
maintain the circuit around a lamp in case it burns out,
otherwise the whole series of lamps will be extinguished.
The number of lamps on the circuit is fixed by the line
voltage and the voltage per lamp. Thus, if 20-volt lamps
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on these circuits is high, it is necessary to provide thorough
insulation from ground. A triple-petticoat, 10,000-volt insu-
lator is, therefore, inserted between the lamp receptacle and
the gooseneck, as indicated at a.

CURRENT REGULATORS

32. Lamp-Board Regulator.—Many different devices
have been used for maintaining the current on series incan-
descent cireuits at a constant value. The first method was
to insert a few lamps in series with each circuit in the sta-
tion and have a switch arranged so that as many of these
lamps as desired could be cut into circuit. An ammeter was
also included and whenever the current increased because of
a lamp going out on the line, the station attendant cut in a
lamp in the station to take its place and bring the current
- back to normal value. This was a very inefficient method
of regulation and if the attendant were not prompt to notice
the increase in current, the lamps on the circuit might be
subjected to an excessive voltage for some time, thereby
shortening their life.

33. C R Regulator.—The C R Regulator of the Gen-
eral Electric Company consists of an autotransformer with
secondary taps brought out to a multipoint switch whereby
the pressure of the secondary of the transformer can be
added to or subtracted from the voltage of the lines. This
regulator gives a wide range of regulation and is very efhi-
cient, but it is not automatic and has been superseded by
other methods by which the current is automatically main-
tained at the correct value. It is very important that the
current on series incandescent circuits shall never exceed the
allowable amount, even for short intervals. This can easily
happen if the regulator does not operate automatically or if
it is not capable of maintaining constant current throughout
a very wide variation in the number of lamps on the circuit.
For example, two grounds might occur on a circuit and thus
cut out a large number of lamps throwing an excessive current
on the remaining lamps unless the regulator acted promptly.






40 INCANDESCENT LIGHTING §33

point may be most convenient, thus effecting a considerable
saving in line wire and a corresponding reduction in line
losses. In some cases the regulators have been placed in
boxes mounted on poles.

35. Constant-Current Transformer.—The most
recent development in the line of regulating devices for
series alternating circuits is the constant-current trans-
former. This combines, in one dévice, the advantages of
the automatic reactance coil and insulating transformer, and
is somewhat cheaper and more efficient than the latter com-
bination shown in Fig. 28 (4). Fig. 29 shows the main
features of the General Electric constant-current trans-
former system. The transformer has two flat coils—a pri-

- mary & that is fixed and a second-

ary ¢ that is suspended from ¢

and counterbalanced by weight f.

Coil ¢ slides up or down over the

e laminated core 4 and when it occu-

pies the position 1, where it rests
on the primary &, the secondary
furnishes its maximum E. M. F.
and operates the maximum num-
ber of lamps. The counterweight
is adjusted to balance the weight of
the movable coil less the electrical
repulsion that exists between the
two coils when current is flowing.
If the secondary is in position 7 and a number of lamps are
cut out, the repulsive action increases because of the momen-
tary increase in current and the secondary moves up to some
such position as 2, where the current is restored to normal
value by a corresponding reduction in the secondary E. M. F.
The secondary E. M. F. decreases as coil ¢ moves up from 4,
because of the magnetic leakage that takes place between
the coils, as indicated by the dotted lines; the greater the
separation of the coils. the greater is the leakage and the
less is the secondary E. M. F. When the secondary

Ser/es Circult.
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of the dashpot can be adjusted. The levers connected to the
counterweight and dashpot are suspended on knife edges
and by reducing the counterweight the secondary current
is increased and vice

Larmps.
—O—0—0—0—0"
versa, so that the sec-
y o——-.
zy»m:ym—_/_ % ondary current can be
adjusted within limits.
Ammarer \of The primary coil is
SCurrent
§ $7wnsformer usually wound for 1,100
] 3387y
o or 2,200 volts and the
COpen Crrcuihm 9
”".’!“’“"I secondary for 1.75, 3.5,
Comstms Cusrrant Secondary 5.5, or 7.5 amperes, de-

Transformer iencoupings  pending on the charac-

ter of the circuit, and
| Porerrsiar
77ansfermer each transformer or set
of transformers is con-
nected to the line and
alternator through a
small switchboard.
Fig. 31 shows the

Fuses connections for a trans-
Primery AV,
Primary

Ffuses —

Weervorre/er—

(oo Sd former switchboard
supplying a single cir-
cuit; it is equipped with
a recording wattmeter, potential transformer, plug switches,
ammeter, and lightning arrester. With primary pressures
less than 2,500 volts, it is not necessary to use a current
transformer with the ammeter.

F16.31

386. The series incandescent street-lighting devices used
by the Westinghouse Company are considerably different
from those described, in regard to the method of compen-
sating for burned-out lamps. Ordinary 50-volt or 100-volt
lamps are used; for example, on a 1,000-volt circuit, twenty
50-volt or ten 100-volt lamps would be connected in series.
The operation of the Westinghouse device will be. under-
stood by referring to Fig. 32. L, L, L represent a series
of ten 100-volt lamps connected across the 1,000-volt
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LINE CALCULATIONS

TWO-WIRE AND THREE-WIRE DIRECT-CURRENT SYSTEMS

387. The methods for calculating the size of wire required
to transmit a given current over a given distance with a
certain allowable drop are the same as those used for the
calculation of power-transmission lines, though sometimes
the formulas are put in a slightly different form so as to
be more directly applicable to the subject of electric lighting.

The formula that is most generally applicable is the fol-

lowing:
216 D7 (1)

e

A=

where A = required area of cross-section of wire, in circular
mils; :
D = distance, in feet (one way), to point where cur-
rent is distributed;
I = current, in amperes, transmitted; )
e = drop, in volts.

In making line calculations in connection with electric
lighting, some judgment must be exercised in choosing the
value of the distance D. This is not the distance to the first
lamp supplied nor the distance to the farthest lamp, but the
distance to the center of distribution; in other words, the
distance to the point at which we might imagine all the lamps
to be grouped. The product of the distance D to the center
of distribution and the current / is often spoken of as the
ampere-feet of the circuit; hence, we may write the rule
as follows:

Rule.—7ke area, in circular mils, requived for a two-wire
circuit is found by multiplying the ampere-feet by 21.6 and
dividing by the drop, in volls.

38. Center of Distribution.—The distance D to the
center of distribution will be best understood by taking a
few cases illustrating the point. Consider a number of
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always implies the use of 16-candlepower lamps; if any
32-candlepower lamps are operated, each lamp must be
counted as two 16-candlepower, etc. If lamp-feet are used,
the formula becomes
4 = 1008 DN (2)
e
where A = area, in circular mils;
D = distance, in feet, one way to center of distri-
bution;
N = number of lamps (expressed in terms of 16-candle-
power lamps);
¢ = drop, in volts.

Rule.—70 defermine the area of cross-section for a two-wire
110-volt circuit, multiply the lamp-feet by 10.8 and divide by
the drop, in volls.

40. This rule is here given because it is frequently used.
Formula 1 is, however, much to be preferred, because for-
mula 2 assumes that each lamp takes $ ampere, and this
may not always be the case. Formula 1 is applicable to
any case because the current is used in it, and this current
is determined from a knowledge of the devices to be
operated.

ExaMPLE 1.—A dynamo A, Fig. 33, delivers current at 110 volts to
fifty lamps distributed about @ as a center. The drop must not
exceed 10 volts. Find the size of wire required.

SoLuTioN.—The distance to the center of distribution is here 1,050
feet, as already explained. The current will be 25 amperes, because
cach lamp will take 4 ampere. Using formula 1,

N ()
4= ZEXTPOXD _ 56,700 cir. mils. Ans.
A No. 3 B. & S. wire would likely be used.

ExAMPLE 2.—A dynamo A, Fig. 35, supplies current through the
feeders &, ¢ to the feeding-in point @. From this point lamps are sup-
plied by means of the mains d, ¢ and £, g. The number of 16-candle-
power lamps and the various distances are shown in the figure. The
total drop in voltage from the dynamo to the last lamp must not
exceed 15 volts, of which 13 volts is to be in the feeders and 2 volts in
the mains; required: (a) the cross-section and gauge number of the
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feeders &, c; (b) the cross-section and nearest gauge number of
the mains d, ¢; (¢) the cross-section and nearest gauge number
of the mains /, g.

SoLuTION.— 150 lamps will require 75 amperes
50 lamps will require 25 amperes
Total current 100 amperes

(¢) A drop of 13 volts is allowed in the feeders and a drop of 2 volts

in the mains. No current is taken from the feeders at any intermediate
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point; hence, the distance D from the dynamo to the center of distribu-
tion a will be taken the same as the actual distance, i. e., 400 feet.
Using formula 1, for the feeders,

A= 2_1LX_-:(‘)0X 100 = 66,461 cir. mils

This would call for a No. 2 B. & S. wire. Ans.

(6) The current in the mains d, ¢ will be 25 amperes. The distance
from a to the center of distribution will be 200 4 3¢ = 230 feet, because
the lamps are spaced evenly along the last 100 feet. The drop in the
mains is not to exceed 2 volts; hence,

92 230 25
= ZLEXBOXD _ 47 500 cir. mils. Ans.

This also wouid call for a No. 2 B. & S. wire. No.2 B. & S.wire is
a little smaller than the cross-section called for, but it would probably
be used, as the increased drop caused by doing so would be very small.
(¢) The current supplied through mains f, ¢ is 75 amperes. Here
the load is uniformly distributed along the mains, and the distance to
the center of distribution is '3 = 65 feet. The drop is 2 volts, and
A= 216 X 65 X 7H

v = 52,650 cir. mils
This would call for a No. 3 B. & S. wire. Ans.
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It will be noticed in this example that although the mains carry a
smallér current over a shorter distance than the feeders, they work out
about the same size. This is because of the large drop allowed in the
feeders compared with that in the mains.

ExAMPLE 3.—Fig. 36 shows a three-wire distributing system. The
dynamos A, B supply current through feeders to the junction box J.
From this point mains are carried to the buildings where light is to be
supplied. The conductors marked mains are sometimes called sub-
feeders, because they are really branches of the main feeder and no
branches are taken off between the junction box and the end of these
lines. The total drop from the dynamo to the lamps is not to exceed
10 per cent. of the lamp voltage, and the pressure at the lamps is to be

00~/
— 700" 4 /5

o

oroP

Drop in MMomns
of Lormp Voltage

Orap /1 35,
ofx;pt’ahbycz <\

QK

vo?

P16. 36

110 volts. (a) Calculate the size of the feeders C. (4) Calculate the
size of the mains /). (c¢) Calculate the size of the mains £. The
calculation of the size of wires required for the house wiring will not
be taken up here, as it belongs to interior wiring, and we are only con-
cerned for the present with the outside distributing wires. The pres-
sure at the dynamo will be 110 + (110 X .1) = 121 volts. Of the total
drop of 10 per cent., 1.5 per cent. will be allowed in the house wiring,
3.5 per cent. in the mains, and the remaining 5 per cent. in the feeders,
as indicated in the figure.
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will depend, of course, on the efficiency of the transformer;
some of the older styles had a low efficiency, but very little
power is wasted in transformers of modern make. Table I
gives the average efficiency at full load, as attained by good
transformers.

TABLE 1
EFFICIENCY OF TRANSFORMERS

Output Efficiency Output Efficiency
Watts Per Cent. Watts Per Cent.
1,000 94.8 : 7,000 96.80
2,000 95.7 8,000 96.85
3,000 96.2 9,000 96.90
4,000 96.4 10,000 96.95
5,000 96.6 15,000 97.20
6,000 96.7

42, In order to illustrate the calculation of primary
mains, consider the case shown in Fig. 37.

2 Miles
7 Centre of Distribution
é) A/lemaibr:n A m:r A
e \2200 vours B
Total load on System
100016 CP Lomps r
L. Orop in
2 Volrs
r
F16. 37 add

ExamMpLE.—Current is supplied to the transformers 7~ by means of
the primary mains A, B. The pressure at the lamps is to be 104 volts
and one thousand 16-candlepower lamps are to be operated from the
secondaries. The pressure at the transformer is to be 2,000 volts at
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efficiency of the transformers and the lamps should be known,
but it affords a ready means of getting at the current approxi-
mately when preliminary calculations are being made. In
many cases, the more refined calculations would not change
the size of the wire in any event, because the wire selected
must be taken as one of the standard sizes, and this in most
cases is not the same as the calculated size.

44, In case the lamps are operated on two-phase or
three-phase systems, the watts to be supplied by the alter-
nator can easily be obtained when the watts per lamp and
the efficiency of the transformers are known. After the
watts have been determined, the formulas given in con-
nection with the subject of electric transmission may be
used to calculate the size of the wire.

TRANSFORMER TESTING

45. In an ordinary lighting system, current is supplied
from the station to a comparatively large number of scattered
transformers, and as a general rule the greater number of
these are loaded for a few hours only. At the same time
the pressure is maintained throughout the 24 hours, and
while the loss in each individual transformer may be small,
yet the total loss on the system may be quite large. Sup-
pose that the all-day efficiency of the transformers on a
given system is 90 per cent., the efficiency of the primary
transmission lines 95 per cent., and the efficiency of the
secondary lines also 95 per cent.; the total efficiency from the
station switchboard to the lamps will then be .90 X .95 X .95
= .812, or 81.2 per cent. Assuming that the customers pay
by meter and that all their meters register correctly, for
every 100 kilowatt-hours delivered from the station, only 81.2
kilowatt-hours would bring in returns to the company. In
many stations the percentage returned is considerably lower
than this, on account of slow-running meters, inefficient
transformers, or other causes.

The transformer constitutes an important element in the
efficiency of an alternating-current lighting system, and
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insulation resistance, and the insulation might yet be incapa-
ble of standing even the normal working pressure. Insula-
tion tests are therefore made with high-potential alternating
current.

Fig. 38 shows the general scheme of connections for a
high-potential test as applied to testing the insulation of
a transformer. The high pressure is usually obtained from
a special high-potential step-up transformer, though if this
is not available, a number of ordinary transformers may be
used with their fine-wire coils connected in series, so as to
give the high pressure desired. The main switch A is con-
nected to the primary coil P through an adjustable resist-
ance r that enables the high pressure generated in the
secondary S to be regulated. The ends 7, 7 of the primary
coil of the transformer under test are connected together and
to one end of S. The euds x of the secondary coils are also
connected together, grounded on the case at a, and connected
to the other terminal of .S. It is important that the various
terminals of the coils be connected as indicated; otherwise,
some parts of the winding will be subjected to greater strains
than others. When the switch A" is thrown in, the high
E. M. F. generated in S tends to break down the insulation
between the primary and secondary coils of 7. The applied
pressure should be at least three times the primary pressure at
which the transformer is designed to work; i. e., a 2,000-volt
transformer should stand a pressure of at least 6,000 volts
between its primary and secondary coils.

In order to determine the applied voltage, a spark gap 9
between needle points, or a high-reading electrostatic volt-
meter V/, may be used. It has been found by experiment
that the voltage required to jump between needle points in
air increases almost in direct proportion to the length of the
gap, until about 30,000 volts is reached; 30,000 volts (alter-
nating) will jump about 14 inches in air between bright needle
points; 15,000 volts will jump about § inch; 10,000 volts, 4 inch;
and so on. A curve showing the relation between sparking
distance and voltage has been given in a previous Section.
By setting the points, say, ¥ inch apart and then raising
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is connected in series with the secondary, so that the applied
voltage can be varied as desired. Simultaneous readings of
the three instruments are taken, and, in addition, the speed
of the alternator should be recorded so that the frequency of
the current can be estimated. When the voltage across the
secondary has been adjusted to the normal voltage of
the secondary, the ammeter indicates the exciting current,
which is usually from 2 to 5 per cent. of the full-load

ACMains

S

current, and is the same percentage no matter whether the
primary or secondary is considered. In this test the exciting
current supplied to the secondary is measured; the current
that the primary will take is the secondary current divided
by the ratio of transformation. The wattmeter ¢ indicates
the core loss in watts, and the ratio of the wattmeter
reading to the product of the voltmeter and ammeter read-
ings gives the power factor of the transformer at no load.

48. Measurementof Primary and Secondary Reslist-
ance.—In order to estimate the /°R losses in a transformer
when it is fully loaded, the resistances of the primary and
secondary coils must be known. These resistances can be
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All resistance measurements should be reduced to a
standard room temperature of 25° C.* (77° F.) in order that
measurements made at different room temperatures may be
readily compared. The resistance R at 25° C. may be
obtained from the observed resistance &’ at 7° by means of
the formula

R = R (1+ .0047¢) (3)

- R 4
or R =11 004z (4)
where t =7°-25

When the resistances are known, the copper losses in pri-
mary and secondary for any given load are easily calculated. -

49, Measurement of Impedance and Copper
Losses.—This test, Fig. 41, not only enables the impedance
of the transformer to be calculated, but it also gives a fairly
close idea as to the
total copper losses.
The impedance of a

L :J ﬁ transformer varies
“WWW—————————— but little with the

load, and it repre-

‘3 :"’" sents the combined
5 5 00 effect of the resist-

ance and reactance of
the primary and sec-
ondary coils in pre-
venting the flow of
the current. The ef-
fect of the impedance
is usually expressed
by stating the num-
ber of volts that must be impressed on the primary in order
to set up full-load current in both coils, the secondary being
short-circuited. Since the secondary is short-circuited, it
follows that the applied volts are expended in overcoming

Ammeter

Fia. 41

*Recommendation of Committee on Standardization, American
Institute of Electrical Engineers.
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and the other as a generator. It is possible to fully load two
transformers by taking from an outside source only sufficient
power to supply the losses. The transformers are tested in
pairs; the secondaries are connected in parallel and are
supplied from a circuit 4 at the normal voltage and frequency
and the current in each secondary therefore induces normal
voltage in each primary. The primary coils are connected
in series in such a way that their voltages oppose each other.

B

ﬁ/}ﬁﬂﬁ q
(T0050Y {8ITOD)
Secondary Secondery '

d
Volimeter @

F1o. 42

A circuit B is attached to the primary terminals, and, while
there is full voltage in each primary coil, the voltage at the
terminals of circuit 2 is zero because the two primaries are
opposed to each other. If, now, a voltage is impressed by
circuit B, it is evident that current will be set up in the coils
independently of the voltage at the primary and secondary ter-
minals of each transformer. Each transformer is practically
short-circuited through the other, and twice the impedance
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STORAGE BATTERIES IN LIGHTING STATIONS

52. BStorage batteries are much used in connection
with both two-wire and three-wire direct-current distributing
systems, being placed either in the station or near a center
of distribution. When used in substations, they help to
maintain a uniform voltage at the lamps, and also relieve
the feeders during intervals of heavy load. In isolated
plants, where a load of lights and a fluctuating motor load
has to be supplied from the same dynamo, a storage battery
in conjunction with a constant-current booster can be used
to advantage to maintain a uniform load on the generating
equipment, and a constant voltage at the lamps regardless
of the fluctuating current supplied to the motors. Batteries
may also be used in connection with three-wire systems to
compensate for unbalancing, but as a general rule it is not
advisable to use them in this way on account of the cells
becoming unevenly discharged. Where a three-wire system
is to be operated from a single dynamo, it is better to use a
motor-generator balancing set to provide for inequalities in
load on the two sides of the system. The various methods
of operating storage batteries and the connections for bat-
tery boosters have been explained in a previous Section, so
that further explanation is here unnecessary.
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street lighting, the carbons are usually % to § inch in diam-
eter, though sometimes larger carbons are used to make the
lamps burn longer.

4. Voltage of the Arc.—If the voltage across the
terminals of an ordinary open-arc lamp is measured, it will
be found that it usually lies between 40 and 50 volts, depend-
ing on the length of the arc; 45 volts may be taken as a fair
average. This total voltage may be considered as made up
of three parts: (a) That necessary to overcome the resist-
ance of the carbons and the parts of the lamp mechanism
through which the current has to flow; (4) that necessary to
overcome the resistance of the carbon vapor between the
electrodes; (c) that which multiplied by the current repre-
sents the energy necessary to volatilize the carbon.

The E. M. F. necessary to overcome the resistance of the
carbons and lamp mechanism is not very large; in most
lamps it will not be more than 5 or 6 volts, of which 3 to
3.5 volts may represent the drop in the carbons while the
balance is in the mechanism and various contact resistances.
The E. M. F. necessary to overcome the resistance of the
arc proper is also small, but depends to a certain extent on
the length of the arc. In most cases it will not be more
than 5 or 6 volts. Since the voltage across the lamp is, say,
45 volts and the combined drop due to the resistance of the
carbons, lamp mechanism, and arc proper is approximately
10 volts, it follows that the balance (about 35 volts) multi-
plied by the current represents the number of watts expended
in bringing the carbon up to the boiling point and causing it
to volatilize. This voltage is often spoken of as the counter
E. M. F. of the arc, but this term is not so commonly used
as it once was. Quite a large amount of energy must be
expended to bring the carbon up to the boiling point, and it
is now generally admitted that the large balance of voltage
required over and above that necessary to overcome the
various resistances is a consequence of the power necessary
to volatilize the carbon. The above values of the voltage
are fair average values for open-arc lamps operated with
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expand and pass out. The globe is not air-tight, so that
there is always a small amount of oxygen present, but not
enough, however, to cause the rapid combustion that takes
place in the open arc. The arc practically burns in a hot
atmosphere of nitrogen, carbon monoxide, carbon dioxide,
and a small amount of oxygen. The oxygen present is just
about sufficient to combine with what carbon is thrown off
and prevent its being deposited on the glass. If a lamp is
in good condition, it will burn from 80 to 150 hours, depend-
ing on the design, without renewing the carbons. The
bulb in time becomes coated with a light-colored deposit,
sometimes mixed with a little carbon, which comes princi-
pally from impurities such as silicon; this deposit does not
cut off the light to any great extent if it is not allowed to
become too thick. If the current is excessive the globes will
become blackened or even melted. It is not usually advisable
to burn these lamps more than 120 hours, as the deposit
becomes so thick as to cut off a considerable amount of light.

7. Consumption of Carbons.—One of the most stri-
king features of the enclosed-arc lamp is the slow con-
sumption of the carbons; this is, of course, due to the
absence of oxygen in the enclosing chamber. With the ordi-
nary open arc, the positive carbon is burned at the rate of
about 1% inches per hour, but in an enclosed-arc lamp the
consumption varies from .05 to .08 inch per hour. Enclosed-
arc lamps may, therefore, be made to burn a long time with-
out trimming; some have even been made to burn as long as
200 hours. This is one of the features that has led to the
extensive introduction of this type of lamp. As in the open
arc, the negative carbon of the direct-current enclosed arc
burns about half as fast as the positive carbon; with alter-
nating current, the consumption is more nearly equal.

The rate at which the carbons are consumed and the
sensitiveness of the arc to slight changes in current or volt-
age depend very largely on the amount of air present in the
enclosing globe. If the voltage, current, or frequency on a
line is not steady, it is often better to work with a less
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and upper carbons are of about the same temperature and
the light is thrown up more than with the direct-current arc.
The carbons have, however, the flat-ended appearance and the
arc shifts around even more than the direct-current enclosed
arc. In open arcs, the carbons are close together and a
shifting of the arc from one side to the other causes very
pronounced changes in the intensity of the light. In the
enclosed-arc lamp, the shifting of the arc also causes changes
in the illumination, but not to nearly so great an extent as in
the open arc. The arc is so much longer that the carbons do
not obstruct the light nearly so much when the arc shifts to
one side or the other; the illumination is therefore more
steady and uniform than that fromh an open arc.

10. Open Versus Enclosed Arcs.—The enclosed-arc
lamp has proved superior to the open arc because of the
following advantages: (a) It gives a softer, steadier, and
more uniformly distributed light; (4) it burns very much
longer without- retrimming, thus effecting a saving in the
cost of carbons and in the cost of labor for trimming;
(¢) it operates with a higher arc voltage and smaller
current, thus making it more suitable for parallel operation
on ordinary constant-potential lighting circuits; (&) for
interior illumination, it involves less fire-risk when two
globes are used—the inner enclosing globe and the ordi-
nary outer globe. Against these advantages must be
placed the extra cost of the enclosing globes, breakage of
globes, and cost of keeping inner globes clean. Enclosed-
arc lamps require a higher grade of carbon than open arcs,
but allowing for this there is a saving of $8 to $10 per
lamp per year over the cost of operating the old-style,
open-arc lamps. The open arc was never much of a success
with alternating current; it produced a loud hum ,and was
very unsteady. With the enclosed arc, quite satisfactory
results can be obtained with alternating current, so much
so, in fact, that alternating current is supplanting direct
current for arc lighting, particularly for street lighting or in
places where the lamps are much scattered. The mechanism
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reach the lenses. In searchlights, a similar arrangement is
uscd, only the carbons are often slanted the other way and
the light is reflected from a parabolic reflector or Mangin mir-

ror, as shown in Fig. §,

+ which shows the arc
/I placed at the focus of
</ I/ a parabolic reflector .

The rays of light on

\- f?,\' . - striking the mirror are
% J reflected out parallel to

I/ each other, and as they
-

are thus kept bunched
\ " together the light may

Fic.8 be made to penetrate
long distances. A small concave reflector » is usually placed
to throw the rays of the arc that would ordinarily pass out-
wards, back toward the main reflector.

A parabolic, ground-glass, silvered mirror is used in the
United States Navy, but for ordinary commercial work the
Mangin mirror is used, as it is cheaper and easier to make.
It is a glass mirror having
two spherical surfaces A, B +

of different radii, as shown in /{ /
Fig. 9. The back surface 4 44/ g 3

is silvered and the rays are re- f y

flected from it. As the glass ‘> /|\r
is thicker near the cdges than f

in the middle, the rays are '’

there bent or refracted more

than they are at the center, : F1e.9

and by making the mirror of

the proper dimensions it can be made to reflect the rays in a
horizontal direction and give practically the same effect as
the parabolic mirror.

Fig. 10 shows another arrangement of carbons used in
searchlights. In this case the positive carbon is larger than
the negative, and both carbons are arranged horizontally.
The crater, therefore, points directly at the mirror. This is







14 ARC LIGHTING §34

are made by forcing the material through dies. The rods
are then gradually dried and afterwards baked or fired at a
high temperature. Gas-retort carbon has also been used for
the manufacture of arc-light carbons, the exact composition
used varying with different makers.

For enclosed-arc lamps, a very much finer quality of carbon
is required than for the open-arc lamp. If the carbons used
in these lamps are at all impure, the impurities become vol-
atilized and are deposited on the inner globe. Enclosed-arc
carbons are therefore made principally of lampblack, which
is practically pure carbon, and are considerably more
expensive than the ordinary carbons made from
petroleum coke. They must be straight and of uni-
form diameter, otherwise they will not pass through
the cap of the enclosing globe properly.

Fig. 12 shows a cored carbon, so called from the
core a running through it. A small hole in the cen-
ter of the carbon is filled with a much softer material
than the surrounding part. The soft core volatilizes
more easily than the rest of the carbon and pro-
duces a supply of vapor that increases the stability of
the arc and keeps it from shifting around so much.
Cored carbons are particularly useful for alternating-
current lamps, in which the arc is liable to be unsteady
and flickering. The cored carbon reduces the volt-
age corresponding to a given length of arc, or with a
given voltage it allows a longer arc than would be
practicable with solid carbons. Some makers use
cored carbons for both the positive and the negative elec-
trodes of alternating-current lamps, while others use them
for the positive electrode only. Cored carbons are used
more particularly with alternating-current lamps, as the plain
carbons usually give satisfactory service with direct current.
Searchlights are almost wholly operated by direct current
and the positive carbon is gencrally cored, as it is important
to keep the arc in one place as closely as possible.

Whatever kind of carbon may be used, it is essential that
it be as pure and as uniform in quality as possible. If many

a

I MIHITTINY
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Ordinary open-arc lamps used for street lighting are gener-
ally provided with clear globes; clean globes cut off from
6 to 10 per cent. of the light, and if dirty will cut off more.
Sometimes opal globes are used, especially if the lamp is
used for interior work; these soften the light and do away
with the sharp shadows that are always present with a clear
globe. In other words, an opal globe alters the distribution
of the light considerably and avoids the deep shadows under-
neath the lamp. At the same time a globe of this kind cuts
off from 30 to 40 per cent. of the light; in fact, if the globe
is very milky it may easily cut off 50 or 60 per cent. In the

+

Horisontsl —_Hormntal

L 4
FiG. 13

case of the enclosed-arc lamp, there is in addition to the
outer globe the inner globe, and hence the amount of light
cut off is somewhat increased. Reflectors are used much
more largely with the alternating-current arc lamp than with
the direct current, because the former tends to throw its light
to a greater extent above the horizontal, and by using the
reflector this light can be thrown downwards and utilized.

15. Direct-Current, Open-Arc Lamps.—The distri-
bution of liglit from an ordinary open-arc lamp is about as
shown in Fig. 13. This represents the variation in the
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of much practical importance because these lamps are sel-
dom used. It is, however, instructive to compare it with
Fig. 13. Fig. 14 shows the general distribution from an
alternating-current, open-arc lamp, as determined by Uppen-
born. A great deal of the light is thrown above the
horizontal; this is because the two carbon points are alter-
nately positive and negative, so that both become heated
to nearly an equal amount.
Such a lamp, to be effect-
ive for street lighting,
should be provided with a
reflector to throw the light
down where it is wanted.

The curves shown in
Figs. 13 and 14 represent
averdage distributions. It
must be remembered that
the arc always shifts around
more or less, and hence the
shape of the distribution is
constantly changing. The
curves will, however, illus-
trate the marked difference
in the light distribution
of the alternating-current,
open-arc lamp as compared
with the direct-current,
open-arc lamp.

Joe

17. Direct-Current,
Fic.15 Enclosed-Arc Lamps.
There has been a great deal of discussion regarding the light-
giving properties and efficiency of the enclosed arc as com-
pared with the open arc. The data here given are abstracted
from a report of a committee of the National Electric Light
Association on tests made by Prof. C. P. Matthews. Fig. 15
shows the average of curves from direct-current, 110-volt,
enclosed-arc lamps used on constant-potential circuits.
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Curve A shows the distribution when the lamp is provided
with an opalescent inner globe only; there is no large outer
globe. This curve should be compared with that shown in
Fig. 13 for the open arc. With the enclosed arc, the light
is of fairly high intensity through a- considerable angle
below the horizontal. In this case, the maximum value is
approximately 360 candle-

power and occurs about

30° below the horizontal.

This is considerably less

than the intensity given

by an open arc at about

40° to 45° below the hori-

zontal, but the light from

the latter falls off very

rapidly on each side of the

maximum point, whereas

in the enclosed arc it is

fairly well maintained

through a considerable

angle. Curve /2 shows the

distribution when the lamp

is provided with a clear

outer globe in addition 20°

to the inner opalescent

globe. The effect is to cut

down the intensity as a

whole slightly. Curve C 60°
shows the effect of using
an outer opalescent globe;
the effect is to make the
light approximately uniform in all directions at the expense
of cutting it down greatly.

The distribution of light from an enclosed-arc lamp is sub-
ject to considerable variation. It depends to some extent on
the shape of the enclosing globe and also on the thickness
of deposit on it. It also depends on the position of the ar¢
in the enclosing globe.

Fi16. 16
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18. Ailternating-Current, Enclosed-Arc Lamps.
The direct-current lamp gives a better distribution for street
lighting than the alternating-current, enclosed-arc lamp, and,
on the whole, the latter is not quite as efficient as the direct-
current lamp. If, however, full benefit is to be obtained from
the light given by the alternating-current enclosed arc, a
reflector of some kind must be used. This is shown by the
curves in Fig. 16. Curve A represents the distribution
from an alternating-current enclosed-arc lamp that has an
opalescent inner globe and a clear outer globe. A large
quantity of light is thrown above the horizontal, as in the
alternating-current open-arc lamp. Curve C shows the dis-
tribution when the same lamp is provided with a reflector.
The curves show how the light that would ordinarily be
thrown upwards, and hence be of little or no use for street
illumination, is made available. Thus equipped with a
reflector, the alternating-current arc makes a better showing
against the direct-current arc. The alternating-current lamp
equipped with a reflector is rapidly finding favor as a street
illuminant; though it may not be quite as efficient ,as the
direct-current arc, its use in many cases so simplifies the
outfit required at the station that the slight difference in
the efficiency of the lamps is more than made up. This
will be more apparent later when the various systems of
supplying lamps with current are considered. In Fig..16,
curve /2 shows the distribution given by an alternating-
current, enclosed-arc lamp when used with opalescent inner
and outer globes.

CANDLEPOWER OF ARC LAMPS

19. The candlepower of an arc lamp is a rather
indefinite quantity. In making comparisons between dif-
ferent lamps, the only way that is at all fair is to take the
mean spherical candlepower; i. e., what their candlepower
would be cquivalent to if it were equal in all directions,
instead of varying, as indicated by the curves just shown.
In comparing incandescent lamps, it is usnally sufficient to
compare their mean horizontal candlepower as obtained by
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resistance in series to take up the voltage over and above
the 80 volts required by the arc; and even if the line voltage
were suited to that of the arc, a resistance would still be
necessary to make the lamp regulate properly, as will
be explained later. The waste in this resistance may
amount to as much as 140 or 150 watts, and this lowers
the general efficiency of the lamp. When lamps are oper-
ated in series, a resistance is not necessary and the waste in
the lamp is less. An ordinary series, open-arc lamp requires
about 1.2 watts per spherical candlepower. A direct-current
enclosed arc requires about 1.8 watts per spherical candle-
power, not counting the power lost in the resistance. If
a resistance is used, as in the case of a lamp operated on
'110-volt direct current, the power consumption per candle-
power will be 2.3 to 2.4 watts. For example, the lamp
represented by curve A, Fig. 15, took 4.9 amperes at 110
volts or 539 watts, of which 147 watts were wasted in the
resistance and 392 watts taken up at the arc. The lamp
gave about 223 mean spherical candlepower; hence, the
total number of watts per candlepower was $3% = 2.4. Not
counting the loss in the resistance, ‘the watts per candle-
power would be 1.8, nearly.

21. The alternating-current, enclosed-arc lamp requires
about 2.4 watts per spherical candlepower, not counting the
energy lost in the lamp mechanism. If an alternating-cur-
rent lamp is run from constant-potential mains, the excess
voltage can be taken up by a reactance, or choke coil, which
wastes much less energy than a resistance. The energy
wasted in the mechanism of a constant-potential, alterna-
ting-current arc lamp will not be more than half that of the
direct-current lamp using a resistance. If the power lost in
the mechanism is included in hoth cases, the alternating cur-
rent constant-potential enclosed arc will require 2.45 watts,
as against 2.3 watts required by the direct-current arc. If a
shade is used on the alternating-current arc, the power con-
sumption per candlepower delivered below the horizontal
becomes much less; but in comparing the different lamps,
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they should. all be taken as nearly under the same conditions
as possible.

These figures are intended to give a general idea as to the
efficiency and illuminating power of the various kinds of
lamps, and represent average conditions, but lamps may be
found that will vary considerably from the above. If the
enclosed-arc lamp taking 450 watts is compared with an
open-arc lamp taking the same amount of power, it will
be found that the open-arc lamp will give a somewhat
brighter illumination on the street. Notwithstanding this
fact, the public, as a rule, does not object to the enclosed
arc being substituted for the open, because the light is
much steadier and softer and the shadows are not so
deep. The preceding figures relating to arc lamps are here
collected in Table I for convenient reference. Table II
gives data regarding the power consumption of the different
types of a well-known make of enclosed-arc lamp. By the
efficiency of the various lamps as given in this table is
meant the ratio of the watts utilized at the arc to the watts
supplied at the lamp terminals. The direct-current lamp,
run in series on constant-current circuits, has the highest
efficiency because there is very little resistance in series
with the arc. The eﬂic‘lency of constant-potential lamps
is lower, because of the power lost in the resistance or
reactance that is inserted in series with the arc.

22. Illumination.—The number of arc lamps required
to illuminate a given space varies greatly, so that it is difficult
to give any definite figures on this subject. Enclosed-arc
lamps are now largely used for the interior illumination of
mills and factories. The light from these lamps is steady and
agreeable, and if they are provided with light opal globes or
reflectors, a very even illumination can be obtained. In textile
mills, the illumination must be very good; hence, more lamps
are needed per unit of floor area than would be required, for
example, in a foundry. Table III, given by the General
Electric Company, shows the approximate number of watts
required at lamp terminals for first-class illumination.

46—16
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Type of Lamp

Series open arc, 2,000
nominal candlepower,
about 9.6 amperes at
50 volts

Direct-current enclosed
arc, 110 volts 4.9
amperes, opalescent
inner globe, no outer

Same, with opalescent
inner and clear outer
globes .

Same, with opalescent
inner and outer
globes .

Alternating-current
enclosed arc, 110
volts, opalescent inner
and clear outer globes

Same, with opalescent
inner and outer
globes .

Total Watts Consumed

539

539

539

416

TABLE 1
POWER CONSUMPTION OF ARC LAMPS

147

147

147

74

74

Watts at Arc

‘450‘

392

392

392

342

342

Mean Spherical Candle-
power

375

223 .

181

155

140

114

1.3

2.4

2.9

3.5

2.9

3.6 ‘

§34

Spherical

1.8

2.5

2.4

3.0
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TABLE III
WATTS PER SQUARE FOOT FOR INTERIOR ARC LIGHTING
) Watts
Building S‘X‘;‘; oot sm?:: o
Conditi%ns Variation
Machine shops, high roofs, no belts .75 .50 to 1.00
Machine shops, low roofs, belts, and
other obstructions . . . . . . . 1.00 .75 to 1.25
Hardware and shoe stores . . . .75 .50 to 1.00
Department stores, light matenal
bric-a-brac,etc. . . . . .. 1.00 .75 to 1.25
Mill lighting, plain white goods . 1.10 .90 to 1.30
Mill lighting, colored goods, high
looms . . . . .. 1.30 1.10 to 1.50
General office, no mcandescents . 1.50 1.25 to 1.75
Drafting rooms . . . . . . . . . 1.75 1.50 to 2.00

METHODS OF DISTRIBUTION

SERIES DISTRIBUTION

23. Most of the arc lamps used for scattered street-
lighting work are connected in series. For example, in
Fig. 17, A represents a direct-current arc-light dynamo in
the station and /,/,/ arc lamps situated at different points
on the street; /, ¢ represent the terminals of the lamps,
which are marked + and — to distinguish them from each
other. The current flows through the lamps in the direction
indicated by the arrows; the + terminal should in each case
connect to the upper carbon and the negative terminal to
the lower. If one of the lamps 7 should be connected in
the circuit backwards, as shown, the current would enter
at the lower carbon and the lamp would burn upside down;
in such a casec the terminals should be changed so that the
current will enter at the top carbon, as in the other lamps.
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In a simple series circuit, the current through all the lamps
will be the same unless there is a leakage to ground and
across to the other line, as indicated, for example, by the
dotted path a-6. There will be little leakage if the line is
in proper condition, so that it may be generally assumed
that the current through each lamp is the same.

The current in the circuit must be kept constant; i. e., the
number of amperes must be kept the same no matter how
many lamps are in use. If there were ten lamps in opera-
tion, each requiring 45 volts pressure, the dynamo would
have to generate 450 volts. Suppose that three of the
lamps are cut out by short-circuiting them—Ilamps ir a

Fi16.17

series circuit must always be cut out by short-circuiting,
otherwise the circuit will be broken. In practice, each lamp
is provided with a switch, as indicated at s, which is used to
cut out the lamp by allowing the current to flow past it. If
the voltage remains the same, the current will increase,
because the resistance of the circuit has been decreased; if
the current is increased, the lamps will perform badly and
perhaps be damaged. In order to keep the current the same,
the voltage should be reduced to 7 X 45 = 315 volts, when
the lights are cut out. This is done by providing the
dynamo with an automatic regulator. In case the lamps
are operated in series by means of alternating current, a
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special transformer or regulator of some kind is used to
keep the current constant.

The series system of distribution is very widely used for
street lighting, and is, in fact, about the only system that
can be used economically where the lights are scattered.
As the same current flows through all the lamps, the system
is operated by using a small current (usually from 6 to
10 amperes) at a high pressure. This calls for a small line
wire (usually about No. 6 or No. 8 B. & S.), and thus
requires a comparatively small expenditure for copper.

24. Arrangement of Series Circuits.—If a simple
series circuit is operated, as shown in Fig. 17, the voltage
generated by the dynamo or other source of current will be
the voltage per lamp multiplied by the number of lamps
plus the voltage drop in the line. If the number of lamps
operated is large, the voltage required becomes very high.
Thus, in order to operate 75 enclosed-arc lights, the machine
must generate, roughly, 6,000 volts, allowing 80 volts per
lamp so as to include the drop in the line. Up to within a
comparatively recent date, this was considered about as
many lamps as could be operated from one machine, because
of the difficulties of construction and operation at higher volt-
ages. The result was that a station operating a large number
of lights had to be equipped with a number of comparatively
small machines, which were, at best, not very efficient. To
overcome this, the so called multicircui! machines were brought
out, which are capable of operating 125 to 150 lights. The
construction of arc dynamos has also been perfected to such
an extent that machines are now built capable of operating
150 lights on a single circuit.

25. Multicircult Series Machlnes.—There are two
kinds of multicircuit machines; namely, those in which there
are two or more circuits in series and those in which
there are two or more circuits in parallel. The later styles
of Brush machine are examples of the first kind; the new
type of Western Electric machine is an example of the sec-
ond. The newer and larger style of Brush machine is of the
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the — terminal of the machine can, therefore, be represented
as indicated in Fig. 19 (a). Each section of the armature
generates 250 volts, and as these are connected directly in
series, there are 500 volts across the circuit.

Suppose, now, that the ten lamps are connected as in
Fig. 19 (4). 'Take the point 1 as a starting point and assume
that it is at zero potential. The armature section A raises
the pressure to 250 volts, so that there is a difference in
pressure of 250 volts between points 3 and 1. The current
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then passes through the circuit 3—4 containing five lamps,
and the pressure drops off as indicated. Armature B again
raises the pressure 250 volts, so as to operate the five lamps
in circuit 2-1.

It is thus seen that the multicircuit arrangement shown in
(4) operates the same number of lights as in (a), and the
maximum pressure between the terminals of the dynamo or
between the terminals of either of the circuits is one-half
that in the single-circuit scheme of operation. This descrip-
tion has been given with refcrence to dynamos, but the same
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multicircuit plan can be used with transformers supplying
series alternating-current lamps. The transformer has a
secondary consisting of two or more coils connected in exactly
the same manner as described for the armature windings.

Since, in the multicircuit arrangement, as used on the Brush
machines, the several circuits are in series with each other, the
current must be the same in all and only one regulator is
necessary on the dynamo. Where two independent circuits
are operated in parallel from the same machine, the voltage
applied to each of the circuits must be capable of independent
regulation. For this reason, the Western Electric multicircuit
machines are provided with two independent regulators, one
for each circuit. Some of the larger Brush machines are
arranged so as to operate four circuits, though any of these
dynamos may be operated as ordinary single-circuit machines
if desired.

PARALLEL DISTRIBUTION

26. When arc lamps were first introduced, parallel
distribution was not very common, but now a large num-
ber of lamps are operated in parallel on constant-potential
circuits, both direct and alternating. The increased use of
enclosed-arc lamps for store and factory illumination is
largely responsible for this. Such places were usually
equipped with low-pressure, constant-potential plants for
incandezcent lighting, and series arc lamps for interior
work are more or less objectionable on account of the
high pressures necessary for their operation. The series
arc lamp is, however, used for interior illumination in some
large concerns where a large number of lights must be
operated. Enclosed-arc lamps are operated in parallel by
connecting them directly across the line, as indicated in
Fig. 20. Each lamp is here provided with a double-pole
switch and cut-out or branch block carrying fuses for protec-
tion in case a short circuit occurs in the lamp. Most lamps
have a switch mounted on them, and it is only nccessary to
provide a separate switch, as shown, when control of the
lamp from a distant point is desired. Of course, the switch
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is arranged to open the circuit through the lamp, and not
short-circuit it, as when cutting out a series lamp. Fig. 21
shows the lamps connected to an ordinary 110-volt, direct-
current system. By using lamps with a slightly different
mechanism, they may be operated from the secondary of a
transformer, as shown in Fig. 22.

27. When arc lamps are operated from constant-potential
direct-current mains, it is necessary, for two reasons, to
connect a resistance, Fig. 20, in series with the arc. In the
‘first place, the lamps will not regulate well without it, and

+ Lirre

- - [

Res/starrce

\/

Fre. 20

in the second place, the voltages used on constant-potential
circuits are usually considerably higher than the voltage
required by a single arc lamp, so that the excess voltage
must be taken up in a resistance. If an arc lamp is con-
nected directly to constant-potential mains, without the
intervention of any resistance, its action is unstable. If
the current flowing through an arc increases, the resistance
of the arc decreases, because the increased current causes
the cross-section of the arc to increase. On the other hand,
if the current decreases, the resistance of the arc increases.
The consequence is that if the constant voltage of the mains
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is just equal to that required by the arc and if the current
through the arc, for any reason, decreases a little, the
resistance offered by the arc at once increases, thus causing
a further decrease of current and increase of resistance, with
the result that the arc goes out. On the other hand, an
increase of current results in a decrease of resistance, and
this causes a still further increase of current. The operation
of the lamp is therefore unstable, and the arc will not
remain constant for any length of time.

B —

——

9 @

F16.21

Now, if a line voltage somewhat higher than that required
by the lamp is used and enough resistance inserted to give a
drop through the resistance sufficient to bring the arc voltage
to the correct amount when the normal current is flowing, the
lamp will become stable in its action. For, suppose the cur-
rent decreases a little; the drop through the resistance will
decrease and, since the line voltage is constant, the voltage
across the arc will be increased, thus compensating for the



34 ARC LIGHTING §34

increased arc resistance. Also, if the current increases, the
drop through the resistance at once increases and the voltage
across the arc is lowered. - In alternating-current lamps, a
reaclance, or choke, coil takes the place of the resistance; this
consists of a coil of wire wound on an iron core. When the
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alternating current passes through the coil, the changing
magnetism set up generates a counter E. M. F. in the coil.
The choke coil wastes less energy than the resistance, but, of
course, it cannot be used with a direct-current lamp, as the
direct current is not capable of setting up the alternating
magnetism necessary to gencrate the counter E. M. F. The
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resistance or choke coil, as the case may be, is generally
mounted in the top of the lamp and is arranged so that it will
be ventilated, in order to insure cool running.

28. 220-Volt, Enclosed-Arc Lamps.—Enclosed-arc
lamps for operation in parallel across 220-volt mains are
built, but they are not quite as efficient or satisfactory as
the 110-volt lamp. They operate with about 2} amperes
and take 140 volts at the arc. Another type of 220-volt
lamp consists of two 110-volt lamps combined in onc;
that is, there are two sets of carbons and two arcs
connected in series. Still another plan is to use two lamps
in series across the circuit.

29. Enclosed-Arc Lamps on 550-Volt Circuits.
It is very often desirable to operate enclosed-arc lamps on
550-volt railway circuits for the illumination of car barns,
street-railway parks, etc. The special types of lamp made
for this purpose are generally operated, five in series, across
the circuit so that each lamp receives, approximately,
110 volts. Each lamp is usually provided with a resistance
in conjunction with an automatic cut-out, so that in case
a lamp is cut-out of circuit the remaining lamps will not
get an excessive current and will burn uninterruptedly.

ARC LAMPS

30. The different makes and types of arc lamps in
commercial use are so numerous that it is impossible
to give a complete list of them here. This is, however,
not necessary, because many of the types differ only in
mechanical details and involve no new principles. Complete
instructions concerning the different makes arc furnished by
the manufacturers, and all that is neccessary is to point
out the features peculiar to lamps adapted to the various
kinds of service.

No matter what type of lamp is used, it must be arranged
so that the carbons will be kept the proper distance apart.
In a few special cases, as for example, in some scarchlights
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or projection lamps, this is accomplished by hand, but in all
commercial lighting work the lamp must be provided with a
mechanism that will feed the carbons together as they
are consumed. In most cases, the lower carbon is fixed
and the top one is fed down in such a way as to keep
the arc of the proper length. When the upper carbon is
released by the lamp mechanism, it is fed down by the
attraction of gravity, Gravity is therefore the propelling
force in most lamps, and the whole lamp mechanism is
essentially a device first to separate the carbons and start
the arc and then to release the carbon and allow it to
feed down at the proper time. The mechanism generally
consists of a clutch or clockwork controlled by electro-
magnets, the current in which depends on the condition
of the arc that releases the clutch or clockwork, thus
allowing the carbon to feed down whenever the arc exceeds
the length for which the mechanism is set. The mechanism
must also be arranged so that the lamp will regulate
without affecting other lamps on the circuit. This is
comparatively easy to accomplish in the case of lamps
operated in parallel, because the pressure across the mains
is constant, and each lamp is independent of the others. In
the case of the series lamp, however, the current that flows
through one lamp also flows through all the others, and
each lamp must be arranged so as to feed when necessary,
no matter what may be the condition of the others.

CONSTANT-POTENTIAL LAMPS

31. The regulation of constant-potential lamps is
usually brought about by an electromagnet or solenoid con-
nected directly in series with the arc, and designed to operate
either a clutch or clockwork mechanism so as to feed the
carbon when required. For example, take the simple
arrangement shown in Fig. 23. This is not intended to
illustrate any particular make of lamp, but simply to bring
out some of the points connected with the operation of con-
stant-potential lamps in general. By far the greater number
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of lamps in use employ a clutch rather than a clockwork
feed. In Fig. 23, ¢ ¢ are the lamp terminals connected
across a constant-potential circuit; » is the resistance inserted
to take up the surplus voltage and to make the action of the
lamp stable; S is a solenoid connected directly in series
with » and arranged to draw up core ¢ when current passes;
d is the clutch, which is here shown simply as a washer with
a hole a little larger than the rod ¢, to which the upper car-
bon is attached; f is a stop against which 4 strikes when the
core ¢ lowers a sufficient amount; g is the top (positive)
+ o -

Fic. 23

carbon and % is the lower (negative). The current enters
at £, passes through » and S to the brush £, which makes a
sliding contact with the carbon rod'e. From e, it passes to
the top carbon g, thence to the lower £, and out at #/. This
is supposed to be a direct-current lamp; hence, the current
should flow as shown, so as to bring the crater in the upper
carbon. With an alternating-current lamp, it would, of
course, make no difference how the lamp was connected.
When the current is off, 4 comes down against f and the
latter is tilted so that ¢ slides through until ¢ strikes 4. As
soon as the current is turned on by closing switch 7, the
core ¢ is at once drawn up to the full limit for which the
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lamp is adjusted. As soon as ¢ moves up, 4 tilts, as shown
in the figure, and grips ¢ thus raising g and striking or start-
ing the arc. As the carbons burn, the arc gradually becomes
longer, and consequently the resistance of the lamp as a
whole increases. One fact that must not be lost sight of is
that this lamp is connected in parallel across a constant-
potential circuit; hence, as the arc lengthens the current
through the lamp is bound to decrease, no matter what
current the other lamps on the same circuit may be taking.
The result is that as the arc gets longer, .S becomes weaker
because of the smaller current and ¢ lowers a little. When ¢
has moved a short distance, d comes in contact with £, and
as ¢ drops still farther, 4 is tipped a little and allows rode
to slide through. As soon as the carbons come nearer
together, the current at once increases, ¢ is pulled up, and
the rod is held until the current becomes small enough to
allow it to feed again. In this way the carbon is fed down
a little at a time, and the feeding is brought about by the
decrease of the current due to the increase in the length of
the arc.

SERIES ARC LAMPS

32. The regulation of scerles arc lamps and the
mechanism necessary for their operation present a dif-
ferent problem. In the first place, when the lamps are run
in series, the current is always maintained at a constant
value, or it should be if the regulator on the circuit works
properly. Hence, a serics magnet alone is not able to do
the regulating, because its pull remains the same no matter
what may be the condition of the arc. Again, there must
be some device in the series lamp that will preserve the con-
tinuity of the circuit in case a carbon breaks, falls out, or the
circuit through the lamp becomes broken in any way. If
such a device is not provided, an open circuit in the lamp
will result in all the lights on the circuit going out. This
device is called a cut-out.

Although the current through the arc remains constant in
a series system, the voltage across the arc increases as its
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carbon and starts the arc. The instant, however, that the
carbons g and % separate, current flows through .S/, because
there is then considerable difference of potential between
g and k. The result is that as the carbons are separated,
the downward pull of S’ becomes stronger until it finally
balances the upward pull of .S, when the arc remains sta-
tionary. As the carbons burn away, the arc becomes longer;
hence, its resistance increases and the voltage across the arc
increases. The pull of .S does not change, because the main
current is maintained constant by the dynamo. The pull
of §’ keeps increasing as the carbons burn away, and ¢ is
gradually pulled down until the lamp feeds. As soon asg
feeds down the pull of S’ decreases, because the arc shortens;
hence, the position of ¢ becomes again balanced, and so on,
the plunger ¢ moving back and forth through a small range
between the coils. By properly adjusting the clutch, such a
lamp may be made to keep the arc at the proper length
within very close limits.

33. The essential features of the above lamp should be
carefully noted, because most series lamps depend for their
operation on the use of two coils. One of these, the series
coil, carries the main current, and is opposed by the shunt
coil, which carries a current depending on the length of the
arc. The current in the shunt coil depends only on the
length of the arc in each individual lamp and is independent
of the condition of the other lamps. A lamp of this kind is
known as a differential lamp, because the position of the
core ¢ depends on the difference in the pulls between S and .§".
The simple series lamp shown in Fig. 24 is not provided with
an automatic cut-out, but the action of this device will Le
explained later when some of the different types of lamp are
described. In some makes of lamp, the coarse-wire and fine-
wire coils are both wound on the same spools, and instead of
using solenoids with a core that is drawn into them, the coils
are provided with a fixed iron core and arranged so as to
attract an armature that releases the clutch or clockwork
mechanism, as the case may be.
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the poles of the controlling magnet weaker and allowing
the armature and rocker to drop gradually until the clutch
releases and allows the carbon rod to slide down a little.

38. Fig. 26 shows the clutch used in this lamp. The
piece a rises and falls with the rocker; when it is raised,
piece 4 is clamped against the carbon rod by means of the
small lever 4, and the movement of the armature lifts the
whole rod. When a descends, because of the magnets
becoming weaker, the whole clutch and rod move down
until the piece e strikes the plate £; g then
remains stationary, while a moves down a
little farther, thus moving the small lever 4
and unlocking the clutch.

39. Suppose that a carbon rod sticks in
some way and fails to feed properly. The
arc gradually becomes longer and the volt-
age across it increases until the current in the

F1c. 26 shunt circuit becomes much larger than the
normal amount; this causes the armature d’ of the auxiliary
cut-out C to be drawn up and contact made at ¢/. The current
then takes the path P-1-2-d'—'-a—i-r-/N; the series coils and
shunt coils are both cut out, but the current flowing through a
holds up 4’. The cutting out of the main coils causes the
rocker to drop and ¢ comes into contact with 7 and 7, thus cut-
ting out the auxiliary cut-out. If the dropping of the rocker
frame makes the carbons come together, part of the current
will pass through the series coils by the path 2—/-S-S-3-u-
c—f-V, because in the other path there is the resistance r, and
the lamp will start up again. If starting resistance » were not
used, the path 2-d’—'-a—i-/N would be of low resistance com-
pared with 2-/-S-S-3-u—¢-f~-/N, and the lamp would not
relight. If the carbon becomes broken or falls out, a large
current will, for an instant, pass through the fine-wire coils;
hence, & will at once rise and cut out the lamp. Of course,
in this case, ¢ will come into contact with 7 and j and remain
there, because the carbons cannot come into contact again and
allow the lamp to relight. If no cut-out were provided, there
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therefore, common practice to have the clutch operate directly
on the carbon and to dispense entirely with the carbon rod.
Such lamps are said to have a carbon feed. The doing away
with the carbon rod makes the construction simpler and
cheaper, besides allowing the lamp to be made shorter than
is usual where a carbon rod is used. On account of the long
arc common to enclosed-

arc lamps, their mecha-

nism must be arranged so

that it will have a long

pick-up; i. e., when the

Sorwes " lamp starts up the mecha-
nism must be such as to

pull the carbons a consid-

erable distance apart. In

the case of series lamps, an
automatic cut-out must, of

course, be provided. In

some of the latest types

Wegy of enclosed-arc lamps, the
series regulating coil is

Starting made of copper strip wound
Resistance on edge and insulated with
sheet mica between the

Fleritke
Comecrron

Y turns. A coil so con-
¥ structed radiates the heat
h readily and is more sub-
stantial than one wound in

Pro. 25 the usual way with cotton-

covered wire.

In taking up the subject of enclosed-arc lamps, we will
confine our attention to two or three typical examples
that will serve to bring out the essential points relating to
their construction and operation. The number of different
makes of enclosed-arc lamp is very large, but they differ
from each other principally in details of construction. The
principles of operation are about the same in all of them,
and the following are not selected because they operate any
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in the case of constant-current lamps. Current enters at 7
and flows through the resistance and series coils to the upper
carbon, thence to the lower carbon to . This pulls up the
core and separates the carbons. As they burn away, the cur-
rent becomes weaker and p gradually lowers until the clutch is

(a) 8)°
FiG. 31

released and the lamp feeds. The resistance is provided with
a sliding contact, so that the lamp can be adjusted for pres-
sures varying from 100 to 120 volts. The series coils are pro-
vided with two connections 7, 77 and 2, 2/, so that the lamp can
be made to operate at 4} to 5 amperes or 3§ to 4 amperes.
When the larger current is used, the connections are as shown
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Current enters at the positive terminal and passes through
switch @, upper carbon 4, lower carbon ¢, coil &, adjustable
connection e, coil £, adjustable resistance g, and out at the
negative terminal. The arc voltage is adjusted by varying
the resistance £, and the number
of active turns in the regulating
coils can be changed by moving
the cross-wire ¢ to the upper or
lower pair of coil terminals.

+

CONSTANT-POTENTIAL, ALTER-
NATING-CURRENT LAMPS

54. Fig. 34 shows the ar-
rangement of a constant-
potential, alternating-cur-
rent lamp. The principal
distinguishing feature of the
alternating-current lamp is the
use of the reactance, or choke,

coil L in place of the resistance.
1 This consists of a laminated-
iron core a on which coils 4 are
wound. The coils are connected
in series and the ends 1, 2, 3, {,
etc. left so that the wire 4 can be connected at different
points. This allows the lamp to be adjusted for a con-
siderable range of voltage and frequency. The reactance
coil sets up a counter E. M. F., and thus introduces an
apparent resistance into the circuit, which counterbalances
the excess voltage and makes the lamp stable in its opera-
tion. The rcactance coil is more economical than a resist-
ance, but it and the series magnets introduce self-induction
into the circuit. The frequency should not be below 60
cycles per second for satisfactory operation. This lamp
will operate anywhere from 60 to 140 cycles; it takes about
72 volts at the arc and burns from 80 to 100 hours. The
upper carbon is cored and the lower carbon solid.

Fi16.33
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but when the cut-out operates this resistance takes the place
of the arc and prevents the other four lamps in the series
from an excessive flow of current. The resistance », is in

+ _ shunt with the series coil and
is used to regulate the pull
exerted by the coil.

FLAMING ARC LAMPS

56. Bremer Lamp.—In
_the ordinary arc lamp using
carbon ‘electrodes, very little
light is given off from the arc
itself. The bulk of the light
comes from the highly heated
carbon points and in direct-cur-

rent lamps the crater formed
-ﬁJW in the positive carbon is the
i source. of most of the light.

The large amount of light
emitted is due to the high tem-
Fio. 5 perature attained by the carbon
points. Many attempts have
been made to produce arc lamps in which the light is
given off from the arc itself, the electrodes being worked
at a comparatively low temperature, thus securing a high
efficiency and long life. In the Bremer lamp certain
non-conducting metallic salts, as, for example, calcium
fluoride, are incorporated in the positive carbon and are
given off as vapor when the lamp is in operation, thus
causing the arc to give off a large amount of light of a
reddish-yellow color. Lamps of this type have been experi-
mented with for some time but have not as yet been com-
mercially adopted to any great extent.

57. Magnetite Are Lamp.—The magnetite arc lamp
developed by Mr. C. P. Steinmetz is a type of direct-current
lamp where the light. is given off from the arc. In this
lamp, the clectrodes give no light at all but the arc is long
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SPECIAL APPLICATIONS OF ARC LAMPS

88. Arc lamps are cxtensively used for stage illumina-
tion in theaters, for photoengraving work, blueprinting,
searchlights, or, in fact, any work where a strong light
is necessary. For most of this work, the ordinary styles of
arc lamps are not suitable, because such lamps are not of the
focusing type. For projection work, it is necessary to keep
the arc in a fixed position; in some cases this is accomplished

S

(a)
Fi1G. 36

by hand feeding, while in others the feeding is automatic.
Fig. 36 (a) shows an automatic focusing lamp and (4) a
hand-feed focusing lamp. The lamp (a) is usually mounted
on a stand.and provided with accessories to suit it for what-
ever kind of work it is used. It is designed for 20 amperes
and is operated on direct-current circuits of 75 to 125 velts.
The hand-feed lamp shown in (4) also operates normally at
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distances, because the intensity of such a beam does not fall
off with the square of the distance as does the light from
an ordinary source. In fact, if all the rays were exactly
parallel and the mirrors perfect and if there were no absorp-
tion of light by the atmosphere, the intensity of the beam
would not diminish at all. As a matter of fact, it does
diminish to an extent that depends very largely on the con-
dition of the atmosphere.

61. BSearchlight Lamp.—Fig. 37 shows a type of lamp
used both for commerical and naval searchlights. In this
lamp the carbons are horizontal, the positive carbon being
larger than the negative and pointing directly at the mirror.
The lamp has a ratchet feed and is provided with two
magnets—a series magnet that serves to strike or start the
arc and a shunt magnet that works the ratchet feed.

Referring to Fig. 37, the shunt magnet is shown at G and
the series magnet at A. P is the positive carbon and N the
negative. A/ is a small switch for cutting off the current
from the shunt coil when it is desired to feed the lamp by
hand. The lamp may be fed by hand by slipping on a crank-
wrench at . Screw D feeds the negative carbon and £ the
positive, the two screws being geared together at J. Cur-
rent is led into the lamp by means of two sliding contacts A4,
one of which is shown in the figure, the other being directly
behind A on the other side of the lamp. /A is the armature
of the shunt magnet and F the pawl-and-ratchet mechanism
by which screw £ is turned. The lamp for a 30-inch pro-
jector takes from 75 to 90 amperes, and for an 18-inch pro-
jector from 25 to 35 amperes. The working current varies
with the size of the lamp and also with the size of the car-
bons used. The voltage required at the lamp is usually
from 45 to 49 volts and the feed will frequently operate
when a pressure of 50 volts is reached..

62. The method of operating the lamp is as follows:
The carbons are adjusted by the crank-wrench to a separa-
ting distance of about % inch. The switch /7 is then closed.
The main switch is closed next, and as no current can pass






64 ARC LIGHTING §34

between the carbons, the voltage between them, and hence
the voltage across the shunt magnet G, must be equal to the
full-line voltage; armature A is therefore attracted and the
current through the shunt circuit is broken by the contact
device 4 and the armature falls back again making contact.
The armature H, therefore, vibrates rapidly and works a
pawl that shoves the ratchet / around and feeds the carbons
together. The screws are geared together, so that screw D
revolves one-half as fast as £. As soon as the ratchet feed
brings the carbons into contact, a heavy current flows for a
short interval and the series coils X pull back the armature a
and thus start the arc. As the carbons burn away, the
voltage across G increases until the ratchet feed operates
and moves the carbons a little nearer together. The point
of feeding can be adjusted by means of the spring ¢ and the
length of the arc by means of nuts 4. The positive carbon
holder is provided with vertical and horizontal adjustments,
so that it can be accurately lined up.

CARE AND ADJUSTMENT OF ARC LAMPS

63. General Remarks.—If an arc lamp is kept clean,
and if the current and voltage at which it is operated are
maintained at the values for which it is designed, it will give
little trouble. This assumes, of course, that the lamp is sub-
stantially made. The older styles of open-arc, series lamps
were usually heavily built and, as a rule, gave good service.

64, Trimming.—Most open-arc, series lamps are pro-
vided with a carbon rod on which the clutch operates. If
this rod is dirty or greasy, the clutch will not work properly
and the lamp will give poor service. When trimming the
lamp, the rods should never be pushed up when they are in
a dirty condition.

Dirt on the rod is apt to cause pitting, due to the burning
action of the current where it passes into the rod from the
contact spring or bushing. If the rods are at all dirty, they
should be rubbed down with a picce of worn crocus cloth.
When trimming the lamp, care should be taken to see that
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A recording voltmeter is very convenient for this work, as
the lamp may be left to itself for some time, and the volt-
meter will draw a chart indicating the variations in voltage
during the test.

66. Burned-Out Coils.—The controlling coils of series
arc lamps are frequently burned out and have to be rewound.
Burn-outs may arise from a number of different causes.
Lightning is frequently responsible for them, as it breaks
down the insulation of the lamp or punctures the insulation
between the layers of the winding. One of the most frequent
causes of burned-out shunt spools is a defective cut-out. If
the carbons stick and the cut-out fails to work, the arc grows
so long that the current in the shunt coils becomes exces-
sive, and they are sure to be burned out. .The cut-out
contacts should be kept in good condition, and if burned
or oxidized, they should be carefully cleaned. Neglect to
look after the cut-out part of the lamp will surely result in
the rewinding of shunt spools, and as these are wound with
fine wire they are a comparatively expensive part to repair.
In some lamps, the action of the cut-out depends on the
movement of the rocker; hence, it is important to see that
the frame moves freely. If the lamp is improperly adjusted
so that it burns with an abnormally long arc, the current
through the shunt will be greater than it should be. This
will cause the coils to overheat, and while it may not result
in a burn-out at once, it is very apt to lead to it in time
by causing deterioration of the insulation and consequent
short-circuiting between layers. A similar result may be
caused by the line current being above the normal, and in this
case the series coils would also be affected. Generally, how-
ever, the series coils will stand a reasonable overload without
greatly overheating. Series lamps should cut out promptly,
if the upper carbon is pushed up while they are burning. If
they do not do so, there is something wrong with the cut-out
and the trouble should be remedied before the lamp is sent out.

67. Most of the above also holds true with regard to
series enclosed arcs. There is even more danger of the
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69. Since most enclosed-arc lamps have a carbon feed, it
is necessary to see that the carbons are smooth, because
rough spots will interfere with the operation of the clutch.
If necessary, rough spots should be smoothed down with
sandpaper. Constant-potential lamps have no cut-out to
give trouble, but they have a resistance coil that fully
counterbalances the cut-out in this respect. If the carbons
stick and fail to feed, the lamp goes out; but if the lamp
does not pick up properly, the carbons being in contact, the
resistance offered by the arc will be absent and a current
much larger than the normal will flow. If the fusible cut-out
in series with the lamp does not operate, the resistance will be
very liable to overheat and burn out. There is also danger
of the insulation on the series controlling magnet being
damaged. It is a common occurrence to find constant-
potential lamps that have been designed and adjusted for
104 to 110 volts running on circuits where the voltage is as
high as 125 or 130. Of course, under these circumstances
the lamp takes a current larger than it should, and it must
not be forgotten that the heating effect in the resistance coil
and other parts of the lamp increases as the square of the
current. A comparatively slight increase in the current will,
therefore, result in quite a large increase in the heat
developed. An abnormal current ts also liable to melt the
enclosing globe. Of course, many of the burn-outs on these
lamps may be traced to faulty design or construction, but
at the same time it is quite true that many good lamps give
trouble cither because the voltage is too high or because the
lamp has not been properly adjusted to suit the voltage on
which it is to operate.



ARC LIGHTING

(PART 2)

LINE WORK FOR ARC LIGHTING

SERIES SYSTEMS

1. Size of Wire.—Since most outside lighting work
is done on the series system, and the current is usually
not greater than 9.6 amperes with open arcs or 6.8 amperes
with enclosed arcs, the line wire does not need to be large.
Generally, such lines are of No. 6 B. & S. double- or triple-
braided weather-proof wire. Triple-braid wire of this size
weighs about 585 pounds per mile; double-braid about
510 pounds. Its resistance per mile is approximately
2.08 to 2.12 ohms. Sometimes No. 8 wire is used for
arc lines, but while it is large enough to carry the current,
it does not make as substantial a job as the No. 6. The
difference in first cost between the two sizes is not great
and, as a general rule, it will pay to put up the larger wire,
especially in localities where sleet storms are common.

Since the current is small, series arc lines may be run long
distances without giving an excessive loss. For example,
with 9.6 amperes, the drop per mile of wire is about
2.08 X 9.6 = 19.97 volts, and with smaller current it is
correspondingly less. Series arc circuits often extend
for miles, but the extension of the line simply cuts down
the pressure available for the lamps, so that a given dynamo
is not capable of operating quitc as many lamps on a long
circuit as on a short one.

For notice of copyright, see page immediately following the title page
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2. Laying Out Arc Circults.—Generally, there is not
a great deal of choice as to the laying out of an arc circuit
for street lighting, as it is determined almost altogether
by the location of the lamps. At the same time, wire and
labor can often be saved by laying out a plan of the streets
to be lighted and then arranging the circuits so that the line
will pass through one lamp after another with as little
doubling back on itself as possible.

When laying out the line, it is a good plan, where possible,
to connect the terminals of a loop in the circuit to a switch
so that, in case of trouble, the loop can be short-circuited
and the remaining lamps on the circuit continued in operation.
Fig. 1 illustrates this; /, /, / represent arc lamps connected on
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a strect circuit, as shown. By putting in switches at
points A4, 3, the loops in the circuit may be cut out. For
example, if a break occurs at .v, switch A can be closed and the
rest of the lamps kept going while the break is being located.
A few switches arranged in this way are also of great assist-
ance in locating breaks. In Fig. 1, plain short-circuiting
switches are indicated in order to bring out the method and to
simplify the figure. In practice, a switch should be used that
will provide a path around the loop and at the same time dis-
connect the loop entirely from the remainder of the circuit, so
that it may be worked on and the fault located without danger
to the linemen. These cut-out switches are usually mounted
on a pole or at any other point where they will be accessible.
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5. Helght of Lamps.—Arc lamps for street lighting
are nearly always placed at street intersections. When the
blocks are long, they are also placed in the middle of the
block. The older method was to use a comparatively small
number of lamps hung high above the street, but it is now
considered better practice to hang the lamps lower and to
use more of them if necessary. This is especially the case
when the streets are shaded by trees. Where the space to be
illuminated is open, the lamps may be hung fairly high, say,
30 to 40 feet above the ground; but when the streets are at
all shaded, a height of 20 to 25 feet is to be preferred.

6. Methods of Hanging Lamps.—There are, in gen-
eral, three methods of hanging lamps: (a) By mounting on
pole tops; (4) by suspending from mast arms or
pole fixtures projecting from a side pole; (¢) by
suspending from the middle of a span wire so
that they will hang over the center of the street.

When the lamps are mounted on pole tops,
they are fixed permanently, no provision being
made for lowering them when they are trimmed.
The pole must, therefore, be provided with pole
steps, so that the trimmer can climb up to the
lamp. This method of mounting makes the
work of trimming hard, and it is therefore not
used nearly so much as other methods, which
allow the lamp to be lowered. The pole-top
mounting has a few advantages, among which
is the absence of rope and pulleys, also the
line wires when once connected up are not
moved, as they are every time a lamp is raised

th or lowered. The raising and lowering of lamps
;.}:;:;Nﬁfﬁ is a frequent source of breaks in the line wire
due to the slight bending and unbending that the
wire is subjected to. These advantages are,
however, more than offset by the difficulty of trimming if the
lamps are mouated high above the street.  Fig. 2 shows an
ornamental style of pole-top mounting. In this case, the lamp

Fic. 2
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8. The span-wire suspension is illustrated in Fig. 5.
It is the best form to use when it is desired to bring the
lamp over the center of the street. A pulley is placed at
the center and another on the side pole and the poles are
usually set at diagonally
opposite corners of the
street intersection. The
span or suspension wire
is usually of %-inch or
#-inch galvanized steel
and the side poles about
30 to 35 feet high with a
6-inch top. This method
of suspension, of course,
involves the use of two
poles and for this reason
the mast-arm suspen-
sion is often preferred.
The chances are that for
lighting a given town or
city a combination of the three methods may be desirable,
the style of suspension being chosen that is best adapted for
the particular location of the light.

F1G. 4

9. Arc-Lamp Pulleys.—Pulleys used for suspending
arc lamps have received a great deal of attention from those
especially interested in arc-lamp specialties. The ordinary
style of pulley is not well adapted for this kind of work. An
arc-lamp pulley should always be provided with a hood to
prevent its being clogged by sleet. It is also desirable that
the pulley from which the lamp is hung be of such a design
that it will hold the lamp from dropping in case the rope
breaks or becomes unfastened in any way. In Fig. 5, a
lamp-supporting pulley is indicated at .4 and a swivel-pole
pulley at B. Both are of the sleet-proof kind. A number of
different lamp-supporting pulleys are now manufactured. In
most of them either a catch or projections are arranged inside
the pulley casing to hold the lamp when it is raised and
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the circuit indicated at the point«r, though its location is not
known as yet. First connect a and 4 together and ground
them, as shown by the dotted lines. Then go to point ¢,
. as near the middle of the circuit as possible, and open
the circuit by lowering a lamp and removing the wires, or in
any other way that may be convenient. Attach one terminal
of the testing magneto to ground, by connecting it with a
hydrant or other ground connection that may be at hand, and
the other terminal to one end of the circuit &; ring up, and if
the bell rings, it shows that the portion of the circuit from 4
around to the station is all right and that the break is in
the other half. Close the circuit at ¢ and move on to a

,4"'“/
K/ 7»
L

g f =z
Fic. 11

place £, about half way between ¢ and the station. The
circuit is here opened and the magneto-bell connected as
before. If a ring is obtained when the bell is connected to
the left-hand end of the line, it shows that the stretch of
circuit /~g-6 is intact; while, if the bell does not ring when
connected to the right-hand side, it shows that the break
is between f and ¢, because the previous test showed that
the part d-/-/-a was all right. In this way, by making a
few tests, the stretch of circuit in which the break occurs can .
be located within narrow limits, and the break itself can then
usually be found by a careful inspection.

16. Locating Grounds.— When aline hecomes grounded
at any point x, as indicated in Fig. 12, the ground may be
located by using a magneto, in which case the ends of the
line a,b at the station are left open, instead of being
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grounded, as when testin'g for breaks. The line is then
opened about the middle point ¢ and each side rung up,
one terminal of the magneto being connected to the
ground. The side on which a ring is obtained is the one
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on which the ground exists. The half on which the ground
is located is then opened at its middle point, and in this
way the part of the line that is grounded is soon located
within narrow limits.

17. Locating Grounds by Means of Voltmeter.—If
a high-reading voltmeter is available, it can be used for
locating grounds on an arc circuit, as indicated in Fig. 13.
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The dynamo is here omitted, but it is supposed to be opera-
ting the circuit connected to its terminals a, 6.
In this case, there are, say, fifteen lamps operated on the
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circuit. The total pressure generated by the dynamo is,
say, 15 X 50 = 750 volts, allowing 50 volts per lamp. The
difference of potential between the negative side of lamp 1
and a+ is 50 volts, between the negative side of 2 and
a+, 100 volts, and so on, as shown in the figure. If one
terminal of the voltmeter is connected to a+ and the other
to ground, a reading will be obtained whenever there is a
ground on the line. Suppose, for example, that there is °
a ground at G’; the voltmeter will then be connected across
four lamps and will give a reading of about 200 volts. The
voltmeter reading, therefore, indicates how far the ground
is out on the line. If, for example, a reading of about
100 volts is obtained, it is known that the ground is some-
where between the second and third lamps.

18. Differential Method of Locating Grounds.
This method consists in balancing the drop through an
artificial line against the drop through the portion of the
circuit from the station to the point where the ground exists;
it will be understood by referring to Fig. 14.

The terminals of the circuit are indicated at a, 4, and, for
the sake of illustration, ten lamps are shown. The total
pressure generated by the dynamo will be about 500 volts,
and the drop in pressure between a+ and different points
on the circuit will increase as the lamps are passed, as
shown by the numbers 50, 100, etc. The testing apparatus
consists of a number of equal resistances 1, 2, 3, 4, etc. con-
nected in series, with terminals brought out to a switch, as
indicated. These resistances should be fairly high, say
about 50 ohms each. Ordinary 52-volt incandescent lamps
will answer. A detector galvanometer C is connected to
the switch blade and to the ground. One end x of the
resistance is connected to a+. The other end of the cir-
cuit —é is connected at the point 2z, so that the number of
resistances will correspond to the number of lamps on the
circuit to be tested. The switch arm is then moved to the
right until the galvanometer deflection comes to zero. In
this case, the deflection will be zero when the arm is at the



§35 ARC LIGHTING 15

point y between resistances 6 and 7. The fall of pressure
from a+ through the artificial circuit corresponds to the
fall in pressure from a4 around the arc circuit; hence, when
a point is reached where the drop in pressure from a+
around to the ground is equal to the drop in the artificial
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line, the two pressures counterbalance each other, as indi-
cated by the arrows, and no current flows through the gal-
vanometer. As soon as the point corresponding to that
where the ground exists is passed on the switch, the galva-
nometer will reverse its deflection.
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a comparatively small current (from 6 to 10 amperes), but
the maximum pressure that they are called on to deliver
at full load is very high. Moreover, they must be con-
structed so as to keep the current at the required amount
through a wide range in the number of lamps operated.
Constant-potential dynamos do just the opposite. They
maintain the pressure (usually from 110 to 600 volts) at a
constant or nearly constant value and the current varies with
the load. A constant-potential machine can be made self-
regulating by providing it with a compound field winding.
In order, however, to make a direct-current machine regulate
for constant current, it is necessary to provide it with an elec-
tromechanical regulator of some kind that will adjust the volt-
age with changes in load, so as to keep the current constant.

23. For convenience, constant-current arc machines may
be divided into two general classes: (a) those with open-coil
armatures and (4) those with closed-coil armatures. Of
machines with open-coil armatures, the most prominent
examples are the Thomson-Houston (T. H.) and the Brush.
Large numbers of these machines have been installed in the
past and their principles of operation have already been
described. The Thomson-Houston machine is not now
regularly manufactured; ncither is the old two-pole type of
Brush machine. The Brush multipolar machine, which is
illustrated later, may be taken as typical of the modern con-
stant, direct-current, arc-light dynamo with open-circuit type
of armature. Machines having closed-circuit armatures are
represented by the Wood (Fort Wayne) and Western Elec-
tric makes. Both of these machines have armatures of the
ring type. On constant direct-current machines, it is neces-
sary to have an automatic regulator that will change the
voltage with change in load so as to keep the current con-
stant. In some cases, the regulation is accomplished by
shifting the brushes; in others, the brushes are shifted and
at the same time the ampere-turns on the field are varied,
either by cutting sdme of the field turns in or out or by varying
an adjustable resistance shunted across the field winding.
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in series and the terminals brought out to the commutator
segments.

The field is the same, in some respects, as that on the old
machine, but there are four poles on each sidé of the arma-
ture instead of two. On each side, the poles are alternately
north and south, but poles directly opposite each other are
of the same polarity. For example, in Fig. 16, poles .4, A4
are alike and of one polarity, while B, B are also alike but of
polarity opposite to A4, A.

The other chief point of difference between the new-style
and old-style Brush machines lies in the regulator. The old
regulator was entirely separate from the dynamo, but in the
later machines the regulator is mounted on the dynamo. It
varies the amount of the resistance shunted across the field,
and also shifts the brushes around the commutator. The
regulator, Fig. 16, is in the box C; rheostat [ is connected
in shunt across the terminals of the field by means of the
wires a,a’, and is divided into a number of steps, connec-
tions to which are made by an arm moving over the con-
tacts 4. This arm is shifted by the regulator and at the
same time the brushes are tipped by means of the rocker-
arm ¢ attached to the brush-holder yoke 4.

25. The Regulator.—Two types of regulator have
been brought out for multipolar Brush machines. The first
type used magnetic clutches to move the rheostat arm. The
one now made is shown in Fig. 17. It is thrown into or out
of action by an encased magnet m connected in series with
~ the lamps. Magnet m does not move the rheostat arm a, but
simply controls a valve that admits oil, under pressure, to
either side of a vane or piston that swings around in the
closed chamber 4. The oil pressure necessary to operate
the piston is maintained by means of a small rotary pump ¢
driven by a belt from the dynamo shaft running on pulley 4.
The lower casc is filled with oil to a point a little below the
rheostat-arm shaft. Qil is drawn from the lower part of the
box and discharged through the valve, which moves up and
down in a small valve chamber. When the current is at its
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than normal, m rises and the valve lowers, thus admitting
oil to one side of the rotary piston in casing 4. If the
current becomes stronger than normal, the armature lowers,
raises the valve, and turns the rheostat arm in the opposite
direction.

26. In addition to moving the rheostat, the regulator
tips the brushes by means of an arm extending from the
rocker and carrying a toothed arc that engages with a small
spur wheel on the shaft carrying the rheostat arm. By this
movement the brushes are adjusted with the changes in load
so as to kcep the spark at the brushes about § inch long on
short circuit and § inch long on full load. This controller
will hold the current at its correct value with very little
variation either way.

CLOSED-COIL MACHINES

27. The Wood arc dynamo, Fig. 18, has a simple,
closed-coil ring armature and a commutator divided into a
large number of segments so as to keep the voltage between
segments low and prevent undue sparking. The controlling
magnet m of the regulator is connected in series with the
line and operates the lever ». The brushes are moved by
means of a small, double friction clutch that is contained in
the casing shown at . When the lever is pulled up beyond
the normal position, the clutch moves the brushes forwards
by mcans of the gears b,¢, d, thus lowering the current. If
the current becomes too weak, the lever moves down and
the clutch moves the brushes back, thus increasing the cur-
rent.  These dynamos operate on a single circuit and are
made as large as 150-lights capacity.

28. The Western Electric machines also have closed-
coil armatures; the larger sizes are of the four-pole type and
have two pairs of brushes. They are provided with two
regulators and supply two circuits in parallel; each of the
regulators controls one pair of brushes. This is a some-
what different multiple-circuit arrangement from that of the
Brush machine, in which the two loops or circuits are in series
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If the current is allowed to flow in the wrong direction for
any great length of time, the bottom carbon holders will be
destroyed. It is important, therefore, to see that trouble of
this kind is remedied as soon as possible. As far as the
lamps are concerned, the trouble can be overcome by simply
reversing the plug connections at the switchboard, but the
polarity of the dynamo should be righted at the first oppor-
tunity. This may be done as follows: Connect the brushes
together by a piece of wire so that the armatures will be
short-circuited and hence will allow current to pass through
the fields without running the machine as a motor. Then
connect the positive pole of another machine to the negative
pole of the machine to be fixed and allow the current to
flow for a few moments. If another machine is not avail-
able, a number of cells of battery may be used. This will
reverse the polarity and bring the machine back to its former
condition. After this is done, the short-circuiting loop may
be removed from the brushes. Do not attempt to reverse
the polarity while the machine is running.

RUNNING ARC MACHINES IN SERIES

30. Sometimes conditions may arise where it is neces-
sary to run two arc machines in series in order to supply
the lamps on a given circuit, because the number of lights
to be operated may exceed the capacity of any one of the
available machines. The two machines are connected in
series by connecting the positive terminal of one to the
negative terminal of the other, in just the same way as cells
are connected together when their E. M. F.’s are to be
added. When arc machines are run in this way there is
often trouble due to the current seesawing or hunting. The
current, instead of remaining steady, surges up and down.
This is caused by the unstable action of the regulators on
the two machines; both try to do the regulating at once and
the result is an unstable condition of affairs. Under such
circumstances it is best to throw one regulator out of
action and make the machine generate its full-load voltage
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lamps can be connected in series across the line, as indi
cated. This is similar to the method described for operating
incandescent street lamps in series. With this scheme of
connection it is necessary to provide each lamp with a cut-
out of some kind that will insert a resistance or reactance in

® §
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the circuit whenever a lamp is extinguished; otherwise, the
current will increase, for it must be remembered that the
pressure applied to the circuit is constant no matter how
many lamps may be in operation.

34. Use of Adjustable Transformer.—The operation
of lamps direct from the machine is only possible when the
number of lights on the circuit is suited to the voltage of the
dynamo. This is generally not the case, and the above
arrangement is therefore of limited application and has
been used in comparatively few cases. Instead of supplying
the lamps directly from the machine, a considerable range
of applied E. M. F. can be obtained by using a constant-
potential transformer with its secondary coil split into a
number of sections. Each lamp is provided with a reactance
coil, as before, but the use of the transformer admits of a
considerable range in the number of lamps that may be
operated on a circuit; that is, the combined voltage necessary
for the lamps may be considerably different from that
generated by the alternator. This arrangement does not,
however, provide automatic regulation and is therefore
undesirable.
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arrangement is shown in (2), where the arc circuit is supplied
from the secondary of a main transformer that is provided
with a number of taps so that the transformer voltage can be
adjusted to suit approximately the number of lamps to be
operated. This requires but little voltage to be taken up in
the reactance coil under normal full-load conditions and
therefore secures a better power factor than if the lamps
were operated as in (#). In this case the secondary of the
transformer is not adjustable, and if the voltage required by
the lamps is much less than that furnished by the transformer
considerable voltage must be taken up in the reactance coil.
The voltage across the terminals of the reactance coil is out
of phase with the main secondary voltage; hence, the greater
the voltage taken up by the regulator, the lower will be the
power factor. In (c), the arc circuit, with its regulator in
series, is attached directly to the mains. This is not as
desirable an arrangement as (a) or (4), because a ground on
the arc circuit grounds the main circuit also, as pointed out
in connection with the operation of series incandescent lamps.

38. Economy Colls.—Sometimes it is desired to
operate alternating-current arc lamps from 220-volt or 440-
volt circuits. Lamps have been built to operate directly on
220 volts but they are not as satisfactory or as efficient as
low-voltage (100-120-volt) lamps. A satisfactory method

' -2EoV J F4OV-
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of operating low-voltage lamps on these moderately high-
voltage circuits is by means of economy coils, or auto-
transformers, shown in Fig. 23. The economy coil is
wound on a laminated iron core in the same way as the coil
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hence is much smaller than a regular transformer capable of
transforming the whole of the power supplied to the second-
ary circuit. Balancing coils, or autotransformers, should
not be used where there is a very great difference between
the primary and secondary pressures. Under ordinary con-
ditions, if the primary pressure is over 500 volts it is safer
and better to use a regular two-coil transformer.

. ARC-LIGHT SWITCHBOARDS

GENERAL CONSIDERATIONS

40. Arc-light switchboards bear little resemblance to
those used for constant-potential incandescent lighting. In
most stations of any size, there are several arc machines, or
if alternating current is used, several arc-light transformers
and several circuits. It is desirable to have the switchboard
arranged so that any machine or transformer can be con-
nected to any circuit and so that a circuit can be transferred
from one source of supply to another while in operation, or,
if necessary, so that circuits can be operated in series. An
arrangement of switches to accomplish this would be
exceedingly complicated, and arc-light boards are there-
fore of the plug variety. The various connections are
made by inserting plugs into receptacles, the circuit being
completed on older boards by flexible cables and on later
types by the plug itself.

41. Operating Circults in Series.—Quite frequently,
when the number of lamps on one circuit is insufficient to
load up a dynamo or transformer, two or more circuits are
connccted in series at the switchboard. With direct-current
boards, the terminals of the circuits should be marked +
and — on the switchboard, the 4 side being that at which
the current leaves the station and the — side that at which
it returns. In connecting direct-current circuits in series,
the — end of one circuit should be connected to the 4+ end
of the other, as indicated in Fig. 25. If two — ends are
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the various receptacles by means of heavily insulated, flex-
ible cables provided with a plug at each end. Each terminal
is double, and those for the dynamos are arranged in the
lower row and marked +A4, — A4, +B, —B, each dynamo
being distinguished by its letter 4 or B. The terminals
of the four line circuits are arranged in two rows in the
upper part of the board and are marked +1, —1, +2, —2,
+3, —3, +4, —4, each circuit being distinguished by its
number 1, 2, 3, or 4. The ammeter 4 M is mounted in the
center of the board and is provided with terminals 4+ and —.
The board itself is usually made of a good quality of marble.

I
Sl | o
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Slate is not a good material for arc boards, as it is liable to
contain metallic veins. It must be remembered that the
pressure between the terminals of an arc machine at full load
is very high, hence the switchboard terminals must be well
insulated. On most boards, the terminals are not even
allowed to come in contact with the marble, but are insulated
from it by means of hard-rubber bushings, the marble serving
merely as a support and not depended on for insulation.
The operation of plugging in circuits or dvnamos always
appears confusing when explained on paper. It is, however,
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44. Again, with the connections as shown in Fig. 26,
suppose that it is desired to connect circuit 1 in series with
circuit 2 without shutting down either the dynamo or cir-
cuit 2. The first step will be to connect terminal —1 with
terminal +2, then terminal + 4 with terminal 4+1. The
cable directly connecting terminal +.4 and +2 may now be
removed without opening the circuit at any point and at the
same time throwing the two circuits 7 and 2 in series.

45. Brush Plug and Spring Jack.—In case cables are
used for making the connections, it is necessary to have the
plugs thoroughly insulated so that there will be no chance
for the switchboard attendant to make accidental contact
with any of the terminals on the board during the process
of plugging. No live metal work of any kind should be
allowed on the face of the board. Moreover, the plugs
should be constructed so that in case a circuit is opened by
their withdrawal, the consequent arcing will not cause damage.

Fig. 27 illustrates the style of plug used on boards for
large Brush machines. A is the marble panel and 4 the

Fi6. 27

metal plug, or contact, attached to the cable as shown. Cis
a cup-shaped casting to which the line is connected and into
which 6 slides gnd is held by the spring clip s, so as to make
a good contact. C screws on to the end of the hard-rubber
bushing /) and is separated from the marble by the insula-
ting washer Z. F is a hard-rubber sleeve, or tube, and G
a maple handle; % is a spiral spring that causes the sleeve F
to slide over the contact piece 4 when the plug is pulled out,
so that by the time the plug is pulled entirely out of the board,
the contact 4 is completely covered and there is no danger of
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that only reach through the front bushings, dynamos may be
connected in series, if necessary.

In Fig. 29 the sets of bushings are shown separated much
farther than they are on the actual board, in order to make
the figure clear. On the actual board the back contacts are
carried on vertical copper straps that are attached to the
front board. Fig. 30 shows the general appearance of one
of these boards and indicates the location of the positive and
negative terminals of the dynamos and circuits. Fig. 31
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gives an idea as to the method of mounting the bushings
and is self-explanatory. Bushings 4 are used for connecting
circuits in series.

48. cCarrier-Bus Board.—This is a later type of board
made by the General Electric Company; it is somewhat similar
to the one last described, but is constructed in the form of
panels and arranged so that more dynamos or circuits can be
added at any time by adding more panels to the existing
board. Transfers of circuits from one dynamo to another
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are effected by means of bus-bars running across the back
of the board, and no cables are required. The general
arrangement of the board will be understood by referring to
Fig. 32. In view (¢), the lower terminals b,¢,d, e, f, g are
connected to the machines 4, B, and C. The terminals at
Curewt the top connect to the circuits 1, 2’,
[ 72rmin and 3’. The crosspieces 3, 4, 5, 7, 8,
and 9 run across the back of the board
and can be connected to similar cross-
pieces on the next panel by means
of the connection strips 3", 4/, 5",
etc. and plugs inserted in the side
sockets m, m. An ammeter jack'is
connected in each side of each cir-
cuit, the ammeter being connected
by inserting a plug at any one of the
upper row of jacks b, ¢, d, etc. in
view (a). It is desirable to have the
ammeter arranged so that it can be
.M cut in on either side of a circuit
i because it facilitates testing for
grounds. A leakage of current from

Fro. 81 the dynamo to ground and thence back
to the other side of the machine through a ground somewhere
out on the circuit will cause a reading of the ammeter, when
connected in one side of the circuit, different from that
obtained in the other side.

¢

49. Figs. 33 and 34 show the style of plug switch and
plug used. All conducting parts are insulated from the sup-
porting panel by means of porcelain insulators; the back
contacts are held out from the board by porcelain pillars;
and the whole construction is such as to give a high degree
of insulation. When the plug is inserted, connection is
made between the front and rear contact bushings or
thimbles, and when a plug is withdrawn, the arcing takes
place within the fiber tube, Fig. 33; along break in a confined
space is thus secured and the arc suppressed.
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receptacle and in line with it is the jack, consisting of a con-
tact bushing ¢, Fig. 35, contact spring &, and terminale. When
the plug is not in place, spring 4 make$ contact with bush-
ing ¢ and the current passes from f to ¢ and thence to the

=" -
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circuit. The plug, Fig. 36, has three contacts a, 4,¢; band¢
are parts of the same brass rod, but sleeve a is insulated.
When the plug is inserted, point ¢ pushes spring 4 out
from the contact bushing ¢, Fig. 35, and at the same time

Fi16. 85
part 6 of the plug makes contact with the sleeve in bus-bar 4.
Sleeve a on the plug connects bushing ¢, Fig. 35, with bus-
bar «. Thus, when the plug is inserted, current entering
at / takes the path /~bushing c¢-sleeve a on plug-bus-bar

= « 0 f
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a-ammeter-bus-bar é-contact 4 on plug-tip ¢ on plug—spring
d-terminal ¢—circuit. When the plug is withdrawn, spring 4
makes contact with ¢ before the circuit through the ammeter
is broken, thus preserving the continuity of the circuit.
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thus, circuits 1/ and 2/ are in series on dynamo 4. Although
the combinations on these boards are not so easy to follow
out from a diagram, the manipulation of even a large board
is something that is soon learned when one has the board
actually before him. In order to distinguish between the
various plug switches and thus reduce the liability of making
mistakes, all open-circuiting, bus-disconnecting, and ammeter-
jack receptacles are provided with brown porcelain bushings.
All bus-transfer receptacles have blue porcelain bushings
and are indicated by the black rings in Fig. 32 (a).
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53. Transfer Boards.—It is highly important that all
arc-line wires brought into the station should be run as
straight and free from crossings as possible. A number of
fires have resulted from the numerous crossings and the
general maze of wires to be found in some of the older
stations, especially at the point or in the tower where the
wires enter the building. These crossings were generally
made in order to bring the wires to the switchboard in the
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to switchboard leads o, p. By connecting to the cross-wire,
as shown at 4, /, line 1 is connected to o, and by connect-
ing as shown at m, n, line 1’ is connected to p. By this
arrangement, therefore, the line and switchboard connec-
tions can be transferred in any way desired, The actual
number of wires used in any case will, of course, depend
on the number of circuits to be accommodated. The con-
nections between vertical and horizontal wires are usually
made by means of a clamp connector, somewhat similar to
that shown in Fig. 40 (a). Different methods are used for
stretching the wires on the frame, but they should always
be mounted so that they will be thoroughly insulated. On
this account the wire should be passed through porcelain or
glass insulators at each end, as indicated in Fig. 40 (3).
The wires are stretched tightly by screwing up on the nut »
and the line wire attaches to terminal #.

SWITCHHBOARDS FOR ALTERNATING-CORRENT
SERIES SYSTEMS

54. General Electric Switchboard.—When series
alternating-current arc lamps are operated from constant-
potential alternators, either through constant-current trans-
formers or otherwise, it is usual to provide a small
switchboard for each transformer or regulator; that is,
the various devices necessary for the control or protection
of the transformer or regulator and the circuits supplied
from it, are grouped together and the board is frequently
placed near the transformer that it controls.

Fig. 41 shows front and rear views of a General Electric
board of this kind designed for a 35-light transformer sup-
plying current to a single series arc circuit. The board is
equipped with an ammeter a, plugs 4, 4 for breaking each
side of the arc circuit, a plug receptacle ¢ for short-circuiting
the arc circuit or secondary of the constant-current trans-
former, two plugs d, d for disconnecting the primary of the
transformer from the alternator, and a Thomson recording
wattmeter ¢ for measuring the total watt-hours supplied.
The ammeter a is supplied with current from a current
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are thoroughly insulated by being mounted on porcelain
insulators as shown. Fig. 42 shows the connections for
this switchboard. The corresponding parts in Figs. 41
and 42 are lettered alike so that further explanation is
unnecessary.

55. Fig. 43 shows the connections for a similar board
used with a transformer of 100-lights capacity supplying
two circuits on the multicircuit plan. The transformer is
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provided with two secondary coils, which are connected
in series through the two lighting circuits. The primary is
also provided with two windings so that they can be
connected in parallel for 1,100 volts or in series for
2,200 volts. The plugs for each circuit are arranged as
in Fig. 42, but only one ammeter is provided, the primary
of the constant-current transformer being connected to an
ammeter plug that can be inserted in suitable jacks, without
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type, each side of the circuit being broken when the handle
is pushed in. The arc is broken within the porcelain
cylinders so that there is little chance for it to hold over and
burn the contacts.

F1c. 48

Fig. 47 shows front and rear views of the small switch-
board panel used with each of the transformers supplying
series circuits. It is equipped with a tubular switch a,
operated by handle 4, and fuses ¢, d enclosed in porcelain

FiG. 47

handles so that they can be easily removed for renewal.
The ammeter ¢ is connected directly in the circuit, but for
very high pressure circuits it would be advisable to operate
the ammeter from the secondary of a series transformer.
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dangerous to life. In discussing the precautions necessary
to avoid any chance of fire from an electrical cause, the
student will learn how to avoid danger to life as well, s«
that it is unnecessary to discuss that subject by itself.

FIRES CAUSED BY ELECTRIC WIRING

3. The so-called “‘electrical fires,” or fires that are causes
by the presence of electric wires or apparatus within :
building, can be divided into three classes, as follows:

1. Fires caused by poor work or improper materials.

2. Fires caused by overloading the apparatus or win
with a higher voltage or with more current than it wa
designed to carry. )

3. Fires caused by lightning striking the outside lines o
by the crossing of circuits that should never come int
contact with one another.

A good job of interior wiring overcomes all danger du
to the first two of these sources of hazard and most of th
danger due to the third, but not all, for accidents sometime
occur outside of the buildings, against the results of whic
the present accepted devices for the protection of insid
circuits are not sufficient. The failure of a lighting compan:
to use proper lightning arresters and transformers or t
insulate the outside wires thoroughly may cause troubl
within a building in which the wiring is properly done.

TIHHE NATIONAIL ELECTRICAL CODE

4. When clectric lights first came into general use, th
insurance companies discovered that there were many fire
of electrical origin, because the wiring was of very inferio
workmanship. The various associations of underwriters
therefore, formulated rules in accordance with which the
required that all wiring be done or they would not insur
buildings containing it. In the course of time, these variot
rules of local associations were reduced to a uniform codc
and finally, in 1898, they became known as the Natlona
KElectrical Code and received the indorsement of practieall
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of actual fires and burn-outs taken from the Quarterly Fi
Reports of the National Board of Fire Underwriters.

1. Loose connection on series incandescent circuit :
show window. Arc ignited insulating covering of wire ar
fire spread to surrounding inflammable material. For
sprinkler heads opened and extinguished the fire. Conten
of window destroyed.

2. Socket-shell burn-out in show window of milline:
store. Short circuit caused by metallic shell of socket ¢
window fixture establishing connection between projectit
strands of flexible fixture wire.

3. Paraffin-covered wire used for pendants for drc
lights. Wiring installed on a motor circuit, after inspectio
by occupant of building who wished to secure light. Sho
circuit ignited paraffin covering ‘and whole place burned u

4. Short circuit or ground on constant-potential lightin
circuit, where mains ran unprotected through damp woo
work in a brewery. The arc thus formed ignited insulatin
covering of the wire and fire communicated to woodwork «
frame building.

5. Short circuit in flexible cord in show window burne
out the window.

6. Heating effect of incandescent lamp. A 16-candl
power incandescent lamp on a 52-volt circuit was left lyin
on a coat in a newspaper office. About 4 hours after th
lights were turned on the coat was discovered smoulderin;
and on being moved burst into flame.

7. Revolving wheel of incandescent lamps in show wii
dow covered with handkerchiefs burned out the windo
either by sparking at the commutator or from heating effe:
of the lamps.

8. Sparks from an arc lamp dropped on a table unde
neath that was covered with open boxes of shirt waist:
The table and contents destroyed, otherwise no considerab!
damage.

9. Flexible lamp cord wound around a gas fixture havin
a soft-rubber insulating joint. The current grounded throug
the joint and the arc ignited the escaping gas.
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19.- A fire occurred in show window, caused by a bath
towel falling from support on to a lighted incandescent
lamp in bottom of window; the towel becoming ignited set
fire to the contents of window and damaged some of the
stock in store. ‘

20. Lightning entered building over badly installed watch-
man circuit. No protective devices at entrance to building.
Wires badly insulated; fastened by staples. Heat of wires set
fire to joists of building.

21. Ground of 110-volt circuit on gas pipe in attic. Arc
burned %-inch hole in pipe and set fire to escaping gas.

22. Fire in basement of building caused by accumulation
of sodium salt on back of three-wire molding run on brick
wall. Trouble occurred at a point where a nail had been
driven through molding into wall.

23. Short circuit in fixture canopy ignited ceiling above
fixture. Fire also occurred at same moment in cabinet at
center of distribution. It was found on inspection that the
branch cut-out contained copper-wire.

24. An ignorant workman installed a lighting circuit in
lcad-covered cable, fastening same to iron ceiling with
staples. Breakdown of insulation of cable set fire to ceiling,
when it was found that no main switch had been installed
and current could not, therefore, be cut off.

25. Switch on electric-light circuit was mounted in dry-
goods store at a point where draperies came in contact
with it. Flash from same ignited draperies and fire spread
rapidly to millinery and other inflammable material.

26. Breakdown of insulation on wires of lighting circuit in
a fine residence set fire to woodwork inside partitions. Fire
occurred at night, and owing to delay in sending in alarm and
the distance from fire-department headquarters, fire was not
extinguished until a heavy loss had been sustained.

27. Electric-light wire sagged and made contact with
telephone wire running to cable box. Box and cable con-
nections completely destroyed.

28. Burglar-alarm, electric-bell, and electric-light wires
came together inside the partitions of a residence. The
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GENERAL RULES

8. In wiring for electric lights and power, there are certain
rules that apply equally to all systems and voltages; these
will be our first study. In what follows, rules and explana-
tory notes taken from the National Electrical Code are
indented in order that they may be distinguished from the
explanations and other matter. In most localities these
rules have the force of laws. Many of the National Code
rules deal with the construction of the various fittings used
for interior wiring; these concern the manufacturers of the
fittings rather than the workmen who install them. Most of
the rules here given relate to the installation of appliances.
Fittings given in the lists issued by the National Board of
Fire Underwriters comply with their rules.

GENERAL RULES—ALL SYSTEMS AND VOLTAGES

Wires—

a. Must not be of smaller size than No. 14
B. & S., except in fixtures and flexible cords.

This is because wires of smaller size are likely to
break or become loose, so that the work does not remain
mechanically secure, and because a small wire is much more
likely to be overloaded by connecting a few additional lamps
to it than is a larger wire.

b. Tie-wires must have an insulation equal to
that of the conductors they confine.

¢. Must be so spliced or joined as to be both
mechanically and electrically secure without solder;
they must then be soldered to insure preservation,
and the joint covered with an insulation equal to
that on the conductors.

Stranded wires must be soldered before being
fastened wunder clamps or binding screws, and
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fixture wires, which are small and easily cut or broken.
A comparatively small nick in a copper wire will make it
break easily.

In recovering the wire with insulating tape, a sufficient
amount of tape must be used to afford ample protection.
When rubber-covered wires are spliced or joined, two kinds
of tape must be used, the first of pure rubber softened by a
volatile oil, and the second of cloth saturated with a
moisture-proof adhesive material. .

11. Rules Relating to Wires (Continued).—

d. Must be separated from contact with walls,
floors, timbers, or partitions through which they
may pass by non-combustible, non-absorptive insu-
lating tubes, such as glass or porcelain.

Bushings must be long enough to bush the entire length
of the hole in one continuous piece, or else the hole must
first be bushed by a continuous waterproof tube. This tube
may be a conductor, such as iron pipe, but in that case
an insulating bushing must be pushed into each end of it
far enough to keep the wire absolutely out of contact with
the pipe.

e. Must be kept free from contact with gas,
water, or other metallic piping, or any other con-
ductors or conducting material that they may cross,
by some continuous and firmly fixed non-conductor,
creating a scparation of at least 1 inch. Deviations
from this rule may sometimes be allowed by special
permission.

When one wire crosses anothep wire, the best and usual
means of separating them is by means of a porcelain tube
on one of them. The tube should be prefented from mov-
ing out of place, either by a cleat at each end or by taping
it sccurely to the wire.

The same method may be adopted where wires pass close
to iron pipes, beams, etc., or, where the wires are above
the pipes, as is generally the case, ample protection can
frequently be secured by supporting the wires with a porce-
lain cleat placed as nearly above the pipe as possible.

f. Must be so placed in wet places that an air
space will be left between conductors and pipes in
crossing, and the former must be run in such a way
that they cannot come in contact with the pipe
accidentally. Wires should be run over, rather
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TABLE 1
CARRYING CAPACITY OF INSULATED WIRES
Rubber-Cov- Weather-Proof s :
B. & S. Gauge| ered Wires Wires Circular M'ls)
Amperes Amperes
18 3 S 1,624
16 6 8 2,583
14 12 16 4,107
12 17 23 ‘ 6,530
10 24 32 ‘ 10,380
8 33 46 ‘ 16,510
6 46 65 26,250
5 54 77 ‘ 33,100
4 65 92 41,740
3 76 110 : 52,630
2 90 131 66,370
1 107 156 83,690
o 127 : 185 105,500
00 150 220 133,100
000 177 ‘ 262 167,800
0000 210 312 211,600
200 300 200,000
270 400 300,000
330 500 400,000
390 590 500,000
450 680 600,000
500 760 700,000
550 840 800,000
600 920 ‘ 900,000
650 1,000 1,000,000
690 1,080 1,100,000
730 1,150 1,200,000
770 1,220 1,300,000
810 1,290 1,400,000
8s0 1,360 1,500,000
890 1,430 ‘ 1,600,000
930 1,490 : 1,700,000
970 1,550 1,800,000
1,010 1,610 1,900,000
1,050 1,670 2,000,000







16

INTERIOR WIRING

§43

circular mils for the B. & S. sizes commonly used in interior-

wiring work, is here inserted for convenient reference.

The

number of circular mils cross-section as given in this table
is more accurate than in Table I, but the areas as given in
Table I are close enough for all practical calculations.

TABLE 11

DIMENSIONS OF BARE COPPER WIRE B. & 8. GAUGE
Gauge Dian')eter CiAr::;r Gauge Dian':eter Ci‘:cr:?ar

Number Mils Mils Number Mils Mils
0000 460.0 | 211,600.0 8 128.5 16,509.0
000 409.6 | 167,805.0 9 114.4 13,094.0
00 364.8 | 133,079.4 10 101.9 10,381.0
o 324.9 °| 105,534.5 I 90.7 8,234.0
289.3 83,694.2 12 80.8 6,529.9
2 257.6 66,373.0 13 72.0 5,178.4
3 229.4 52,634.0 14 64.1 4,106.8
4 204.3 41,742.0 15 57.1 3,256.7
5 181.9 33,102.0 16 50.8 2,582.9
6 162.0 26,250.5 17 45.3 2,048.2
7 144.3 20,816.0 18 40.3 1,624.3

WIRING FOR LOW-POTENTIAL SYSTEMS

14. Definition of Low-Potential System.—
LOW-POTENTIAL SYSTEMS

550 Volts or Less

Any circuit attached to any machine or combination
of machines that develops a difference of polential
between any two wires of over 10 volts and less than
550 wvolts shall be considered as a low-polential circutt
and as coming under this class, unless an approved
transforming device is used that culs the difference of
polential down to 10 wvolts or less.
cuit not to exceed a poltential of 3,500 volts,

The primary cir-
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conductors, closed at the top (the wires passing through
bushed holes), and extending not less than 5 feet from the
floor; or by an iron-armored or metal-sheathed insulating
conduit sufficiently strong to withstand the strain to which
it will be subjected, and with the ends protected by the
lining or by special insulated bushings, so as to prevent the
possibility of cutting the wire insulation; or by plain metal
pipe, lined with approved flexible tubing, which must
extend from the insulator next below the pipe to the one
next above it.

If metal conduits or iron pipes are used to protect wires
carrying alternating currents, the two or more wires of each
circuit must be placed in the same conduit as troublesome
induction effects and heating of the pipe might otherwise
result. And the insulation of each wire must be reenforced
by approved flexible tubing extending from the insulator
next below the pi(})e to the one next above it. This should
also be done in direct-current wiring if there is any possi-
bility of alternating current ever being used on the system.

For high-voltage work, or in damp places, the wooden
boxing may be preferable, because of the precautions that
would be necessary to secure proper insulation if the pipe
were used. With these exceptions, however, iron pipe is
considered preferable to the wooden boxing, and its use
is strongly urged. It is especially suitable for the protection
of wires near belts, pulleys, etc.

f. When run in unfinished attics, or in proximity
to water tanks or pipes, will be considered as exposed
to moisture.

16. The reason for the first part of (3) is that plaster
and cement are likely to corrode the insulation on the wire
and cause it finally to break. If the plaster is damp, leakage
takes place, the wire is gradually dissolved by electrolysis,
and finally it becomes so thin it cannot carry its current
without excessive heating and, perhaps, not without melting.
While there are many places where wires embedded in plaster
have been used for years without serious trouble, because of
the dryness of the buildings where they are in use, trouble
may develop at any time and the practice is always a dange:-
ous one.

The second part of (4) is inserted as a direct prohibition
against running electric-light wires as bell wires are usually
put up. Staples not only do not insulate the wire, but are likely
to cut into the insulating covering already on it. Rule (¢)
is to prevent the location of wires where it is impossible to
know that they are properly supported and insulated.
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20. The Edison Three-Wire System.—This system
comes next in importance and extent of use; it also is used
with various voltages and with direct or alternating currents.
Usually the pressures are 110 volts between either outer
wire and the middle or neutral wire and 220 volts between
the outer wires. Fig. 12 shows the diagram of connections.
This system is also sometimes installed with 220 volts
between the neutral and outer wires and 440 volts between
the outside wires.

Referring to the diagram, Fig. 12, observe the following:
When the currents in the two outside wires are equal in
amount, no current passes over the neutral wire; but when
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the currents are not equal, that is, when more lamps or
motors are on one side of the neutral wire than on the
other, the ‘‘difference current’” flows on the middle wire.

21. The advantage of this system is that with lamps of
any given voltage it is possible to save in the amount of
wire required. In the outside lines of the lighting company
is where the greatest saving is effected, because the neutral
wire is there much smaller than the outer ones, and three
wires are used instead of four, which would have to be run
if the generators were operated independently. In interior
wiring, the saving is not so great, because the neutral wire
must be large enough to carry the current in case all the
load is turned off one side of the circuit, as would be the case
if the fuse on one side should blow and that on the other
side did not, and because in small installations, where unbal-
ancing is likely to occur, three-wire mains must be large to
reduce this trouble to a minimum.
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means, the branch lines are fused on both sides and amply
protected against excessive currents, though not against
high voltage. If the neutral wire within the building is
protected by a fuse as large as that in either of the main
wires, the danger of that line opening is very small.

24. A method of running wires on the two-wire plan
that is sometimes confused with the three-wire system is
illustrated in Fig. 14. In this method the middle wire carries
the whole current, while each outside wire carries the current
necessary for the lights on its side. This method effects no
saving of copper; in fact, it often requires more than the
two-wire system would, because the three wires must gen-
erally be of the same size, as explained under the subject of
cut-out protection. The object of the arrangement is solely
to make it possible to turn off a number of the lights with-
out running four wires. The Underwriters will not permit
it with more than 660 watts on a side.

25. House wiring should consist of two distinct portions:
the distribution circults, which run from the lamps to a
center ‘of distribution and which should always be two-
wire circuits, and the mains, which run from the outside
lines to the distribution center and which must conform to
the requirements of the particular system to be used. If
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mains must be installed before it is known what system is
to supply current, it will be sufficient to run four wires of
the size rcquired were the lamps to be divided equally
between two separate two-wire systems. This will make it
possible to connect to any system operating at the voltage
for which the wiring calculations are made.
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that for which the circuit-breaker is adjusted, the electro-
magnet attracts its armature and releases the switch, thus
opening the circuit.

The following rules regarding these devices must be
observed in all cases:

Switches, Cut-Outs, Circuit-Breakers, Etc.—

a. Must, whenever called for, unless otherwise
provided, be so arranged that the cut-outs will pro-
tect, and the opening of the switch or circuit-
breaker will disconnect, all the wires; that is, in
a two-wire system the two wires, and in a three-wire
system the three wires, must be protected by the
cut-out and disconnected by the operation of the
switch or circuit-breaker.

6. Must not be placed in the immediate vicinity
of easily ignitible stuff or where exposed to inflam-
mable gases or dust or to flyings of combustible
material.

In starch and candy factories, grain elevators, flouring
mills, and buildings used for woodworking or other pu
that would cause the fittings to be exposed to dust and flyings
of inflammable material, the cut-outs and switches should
be placed in approved cabinets outside of the dust rooms.
If, however, it is necessary to locate them in the dust rooms,
the cabinets must be dust-proof and must be provided with
self-closing doors.

¢. Must, when exposed to dampness, either be
enclosed in a waterproof box or mounted on porce-
lain knobs.

d. Time switches must be enclosed in an iron
box, or cabinet lined with fire-resisting material.

If an iron box is used, the minimum thickness of the iron
must be . 128 inch (No. 8 B. & S. gauge).

If cabinet is used, it must be lined with marble or slate at
least § inch thick, or with iron not less than .128 inch thick.
Box or cabinet must be so constructed that when switch
operates, blade shall clear the door by at least 1 inch.

Automatic Cut-Outs (Fuses and Circuit-Breakers)

Excepting on main switchboards, or where ‘otherwise
subject to expert supervision, circuit-breakers will not be
accepted unless fuses are also provided.

a. Must be placed on all scervice wires, either
overhead or underground. as near as possible to the
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fixture canopy where the fixture wire attaches to the No. 14
lines is unnecessary; in fact, fixture cut-outs are prohibited
by rule (¢) given below.

¢. Must be in plain sight or enclosed in an
approved cabinet and readily accessible. They
must not be placed in the canopies or shells of
fixtures.

The ordinary porcelain link-fuse cut-out will not be
approved. Link fuses may be used only when mounted
on approved slate or marble bases and must be enclosed
in dust-tight, fireproof cabinets, except on switchboards
located well away from combustible material, as in the
ordinary engine and dynamo room where these conditions
will be maintained.

30. Rule (¢) is important. It prohibits the use of the
small cut-outs that were formerly placed in the canopies of
fixtures in order to protect the fixture wiring. These cut-
outs gave a great deal of trouble and introduced a fire risk
that more than offset any advantage they might have had.
It has been found safer and more satisfactory, therefore, to
omit them and let the fuse in the cut-out on the branch main
leading to the fixture afford the protection, as explained
under rute (4).

It should also be noted that this rule prohibits the use of
the ordinary porcelain link-fuse cut-outs that were, until
recently, very largely used for the protection of circuits.
The link fuse consists of a piece of fuse wire or strip pro-
vided with copper terminals, the fuse wire or strip being
exposed to the air. These fuses were held between suitable
terminals mounted on a porcelain base. The use of link
fuses is still permitted when they are mounted on slate or
marble distributing boards and placed in fireproof cabinets,
but the link-fuse porcelain cut-out is no longer permitted
and it is now necessary to use enclosed fuses instead.
Enclosed fuses and link fuses will be described in detail
when fittings are taken up.

d. Must be so placed that no set of incandes-
cent lamps requiring more than 660 watts, whether
grouped on one fixture or on several fixtures, or






28 INTERIOR WIRING §43

would destroy the cut-out if they should ever blow, besides
doing other damage. Sometimes, also, fuse blocks are found
having copper wire where the fuses should be; of course,
they are of no use with such connections. The common
custom of fusing with wire much larger than that allowable
is one of the rcasons for the prohibition of link-fuse porce-
lain-base cut-outs. The bases used with enclosed fuses are
not easily fused with any wire that may be convenient
because the termirrals are not suited to a wire fuse. Note
that rule (¢) fixes the maximum size of fuse to be used on
any circuit by the carrying capacity of the wire protected
and not by the current required for operating the devices
used on the circuit. For example, the carrying capacity of
a No. 14 rubber-covered wire is 12 amperes and the rated
capacity of the fuse used on a No. 14 circuit could be as
high as 12 amperes without breaking the rule, though there
might only be ten 110-volt lamps on the circuit requiring a
current of about 5 ampcres for their operation.

Cut-outs should always be installed in a location where
they can be easily reached for the replacement of fuses.
This is a point too often neglected in the laying out of
interior wiring, particularly for small houses where regular
distributing panel boards are not used.

When arc lamps are operated on constant-potential circuits,
each lamp must be provided with a cut-out and the branch
conductors leading from the mains to the lamps should have
a carrving capacity about 50 per cent. in excess of the
normal current in order to allow for the increased current
requirecd when the lamp is started or when the carbons
become stuck. If cach lamp is not fed by a separate branch
circuit running from a panel board or fuse cabinet, it is
necessary to locate an enclosed-fuse cut-out at the point
where the wircs leave the mains for a lamp.

32. Circuit-breakers may be set so as to work with
greater accuracy than fuses; they respond more quickly to
sudden overloads, for fuses requirc a little time to get
hot enough to melt. For this reason, circuit-breakers may
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This rule (¢) is important, because it restricts so severely
the number of lamps that may be controlled by a single-
pole switch.

d. Where flush switches are used, whether with
conduit systems or not, the switches must be
enclosed in boxes constructed of or lined with fire-
resisting material. No push buttons for bells, gas-
lighting circuits, or the like shall be placed in the
same wall plate with switches controlling electric-
light or power wiring.

This requires an approved box in addition to the porcelain
enclosure of the switch.

e. Where possible, at all switch or fixture out-
lets, a &-inch block must be fastened between studs
or floor timbers, flush with the back of lathing, to
hold tubes and to support switches or fixtures.
When this cannot be done, wooden base blocks not
less than § inch in thickness, securely screwed to
the lathing, must be provided for switches and also
for fixtures that are not attached to gas pipes or
conduit tubing.

34. Construction of Cut-Outs, Circuit-Breakers,
Etc.—The rules that have just been given relate to the loca-
tion and installation of cut-outs, circuit-breakers, switches,
In addition to these rules there are a large number of
Underwriters’ rules that relate to the construction of these
devices, but for thc most part these concern the manufac-

ctce.

turer rather than the wireman.

A few only of the more

important of these rules will be given here as a general
guide to the wireman.

Cut-Outs and Circult-Breakers—

a. Must be supported on bases of non-combus-
tible, non-absorptive, insulating material.

6. Cut-outs must be of plug or cartridge type,
when not arranged in approved cabinets, so as to
obviate any danger of the melted fuse metal com-
ing in contact with any substance that might be
ignited thereby.
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OPEN WORK IN DRY PLACES

35. Open work is generally used in factories, ware
houses, mills, and other places where there is no objection
to having the wires in plain sight, or in old buildings, where
the expense of concealed work overbalances the objection-
able appearance in the mind of the owner. It is the
cheapest kind of construction and very often the safest.
This method of wiring will be explained by means of simple
examples.

SIMPLE EXAMPLE OF FACTORY WIRING

36. Consider a factory, such as a long machine shop,
where there is but one floor to be wired for 110-volt
enclosed-arc lamps and incandescent lamps on the so-called
trec system; that is, with but one set of mains or feeder
wires lcaving the dynamo and with other lines branching
from these mains to the points where lamps are required.
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Let Fig. 15 represent the outlines of such a factory, in
which incandescent lamps are to be hung on lamp cord at
the points marked X and enclosed-arc lamps are to be placed
where the marks O are shown. After finding the cheapest
way in which this factory can be wired in order to satisfy
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Rigid supporting requires under ordinary conditions,
where wiring along flat surfaces, supports at least every
4} feet. If the wires are liable to be disturbed, the distance
between supports should be shortened. In buildings of mill
construction, mains of No. 8 B. & S. wire or over, where not
liable to be disturbed, may be separated about 4 inches and
run from timber to timber, not breaking around, and may
be supported at each timber only.

This rule will not be interpreted to forbid the placing of
the neutral of a three-wire system in the center of a three-
wire cleat, provided the outside wires are separated 2§ inches.

39. Rubber-covered wire used for interior-wiring work
consists of a tinned copper wire with a covering of rubber
with an outer braiding of cotton soaked in preservative com-
pound. For voltages up to 600 and for sizes of wire from
No. 15 to No. 0000 the thickness of insulation varies from
& inch to #% inch, being thinner on the smaller sizes of wire.

40. Slow-burning weather-proof wire is less expen-
sive than rubber-covered and is good enough for open work
in dry places where the wire is in contact with insulating
supports only, as in the case with the example of factory
wiring now under consideration. This wire is provided
with two coatings, one of which is fireproof in character and
the other weather-proof. Most of this wire was formerly
made with weather-proof braid on the outside, but the
Underwriters now require the fireproof braid to be placed on
the outside, and the compound with which it is treated
slicked down so that the wire will have a hard, dense finish.
The Underwriters lay down specifications to which the
various kinds of wire must conform. Wire obtained from
almost any reputable manufacturer meets the requirements,
so it will not be necessary to give the specifications here.

Owing to the fact that ordinary weather-proof wire and
fireproof and weather-proof are much cheaper than rubber-
covered, there is a tendency on the part of the unscrupulous
contractors to use these wires in places where rubber-covered
wire only should be used. They are not allowable for
concealed work or for open work where dampness is present.
Fireproof and weather-proof wire is not so liable to burn as
the old weather-proof, which had but one or more braidings
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care cannot be taken, for trouble occurs more frequently in
lamp cord and sockets than in any other part of the wiring,
if these articles are not of the highest grade. There is much
temptation to use lamp cord for purposes other than those
for which it is designed. The rules regarding it are given
here, and special attention is directed to them:

Flexible Cord—

a. Must have an approved insulation and cov-
ering. ’

b. Must not be used where the difference of
potential between the two wires is over 300 volts.

¢. Must not be used as a support for clusters.

d. Must not be used except for pendants, wiring
of fixtures, and portable lamps or motors, and port-
able heating apparatus.

The practice of making the pendants unnecessarily long
and then looping them up with cord adjusters is strongly
advised against. It offers a temptation to carry about lamps
that are intended to hang freely in the air, and the cord
adjusters wear off the insulation very rapidly.

For all portable work, including those pendants that are
liable to be moved about sufficiently to come in contact with
surrounding objects, flexible wires and cables especially
designed to withstand this severe service are on the market
and should be used.

The standard socket is threaded for }-inch pipe, and if it
is properly bushed, the reenforced flexible cord will not go
into it; but this style of cord may be used with sockets
threaded for §-inch pipe and provided with substantial bush-
ings. The cable is to be supported, independent of the
overhead circuit, by a single cleat, and the two conductors
then separated and soldered to the overhead wires.

The bulb of an incandescent lamp frequently becomes
hot enough to ignite paper, cotton, and similar readily
ignitible materials, and in order to prevent it from coming
in contact with such materials, as well as to protect it from
breakage, every portable lamp should be surrounded with a
substantial wire guard.

e. Must not be used in show windows.

f. Must be protected by insulating bushings
where the cord enters the socket.

£. Must be so suspended that the entire weight
of the socket and lamp will be borne by knots under
the bushing in the socket, and above the point
where the cord comes through the ceiling block or
rosette, in order that the strain may be taken from
the joints and binding screws.
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FUSES

51. Link Fuses.—Fig. 31 shows an ordinary link fuse
consisting of a fusible wire or strip ¢ (generally made of a
mixture of lead and tin) provided with copper terminals a, §.
The terminals are necessary in order to provide good con-
tact between the fuse and the fuse-block terminals; and, also,
to prevent damage to the soft fuse wire from the clamping

: screws. Link fuses are

J —— ” gradually going out of use;
they are not as reliable as

enclosed fuses of the plug
or cartridge types and are no longer allowed except in
rosettes where the current must not exceed 3 amperes, or on
panel boards that are mounted in fireproof cabinets. Even
on panel boards, the best practice is to use enclosed fuses
in preference to those of the link type even though the

(a) ®)
Fic. 32
latter are not prohibited. For all fuses mounted on porcelain
bases and used outside of cabinets, the enclosed type must
now be used.

52. Enclosed Fuses.—The oldest type of enclosed fuse
is the Edison plug, Fig. 32. They are used on 125-volt cir-
cuits and are made for currents from 3 amperes to 30 amperes.
They are also allowable on three-wire circuits with grounded
neutral where the pressure between the outside wires does
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required. In these wiring diagrams but one line is drawn to
represent the two wires that must be installed.

In the wiring diagram shown in Fig. 36, there being less
than 660 watts on any branch circuit, fuses may be omitted
from the rosettes (or fuseless rosettes installed). Fuses of
a proper size to protect the lamp cord must be placed in the
cut-outs, that is, 8-ampere fuses if No. 18 cord is used. In
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such an installation, No. 18 lamp cord cannot be used without
fused rosettes, unless not more than six lamps are placed on
a branch circuit, because a 3-ampere fuse is required to-pro-
tect No. 18 wire, and if placed in a cut-out, it will not allow
current to pass for more than six 110-volt lamps. The sizes
of wires permitted by the insurance rules will be the same
as in the first case studied.

57. We will now take up the subject of line calculations
with reference to loss of power, or drop in potential.
Table IV gives the resistance of pure copper wire at 75° F.
(24° C.), which is the temperature at which wiring calcula-
tions are usually made. The conductivity of commercial
copper wire is from 98 to 99.5 per cent. of that of pure
copper.

In ordinary interior wiring, the variations in resistance
due to changes in temperature are usually disregarded,
although they must be taken into account in the design of
most kinds of electrical apparatus where they affect the
regulation very much, as, for instance, in the field coils on
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TABLE 1V
RESISTANCE OF PURE COPPER WIRE

49

Resistance at 75° F.

Number —
B.&S. Ohms Ohms Feet
per 1,000 Feet per Mile per Ohm
0000 .04893 .25835 20,440.
000 .06170 .32577 16,210.
00 .07780 .41079 12,850.
o .09811 .51802 10,190.
1 .1237 .65314 8,083.
2 .1560 .82368 6,410.
3 .1967 1.0386 5,084.
4 .2480 1.3004 4,031.
5 .3128 1.6516 3,197.
6 -3944 2.0825 2,535.
7 .4973 2.6258 2,011.
8 .6271 3.3111 1,595.
9 .7908 4.1753 1,265.
10 .9972 5.2657 1,003.
11 1.257 6.6369 795.3
12 1.586 8.3741 630.7
13 1.999 10.555 500.1
14 2.526 13.311 396.6
15 3.179 16.785 314.5
16 4.009 21.168 249.4
17 5.055 26.691 197.8
18 6.374 33.655 156.9
19 8.038 42.441 124.4
20 10.14 §3.539 98.66
21 12.78 67.479 78.24
22 16.12 85.114 62.05
23 20.32 107.29 49.21
24 25.63 135.53 39.02
25 32.31 170.59 30.95
26 40.75 215.16 24.54
27 51.38 271.29 19.46
28 64.79 242.09 15.43
29 81.70 431.37 12.24
30 103.0 543.84 9.707
31 129.9 685.87 7.698
32 163.8 8604.87 6.105
33 206 6 1,090.8 4.841
34 260.5 1,375.5 3.839
35 328.9 1,734.0 3.045
36 414.2 2,187.0 2.414
37 522.2 2,757.3 1.91§
38 658.5 3,470.8 1.519
39 830.4 4.384.5 1.204
40 5,528.2 955

1,047.
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a generator. The greatest variation in temperature at all
likely to occur, and that will occur but rarely and only in
open work, is about 100° F. This will correspond to a
change in resistance of about 21 per cent.

The resistances of wires smaller than No. 18 are of 2
use in practical wiring, but are given for reference, as small
wires are used in many pieces of mechanism, such as fan
motors, resistance boxes, etc., with which wiremen have to
deal, and also in bell and annunciator work.

58. The efficiency of a system of electric wiring is low
if the percentage of power that is consumed in heating the
wires instead of being conveyed to the lamps or other trans-
forming devices is large. This loss of power (in watts) is
equal to the volts drgp in the line multiplied by the current
in amperes. Wiring specifications usually call for so many
volts drop or not more than a certain percentage of drop
on the line between the lamps and the center of distribution
and between the center of distribution and the point where
the wires enter the building or where the dynamo is located.

CALCULATION OF LINE LOSSES DUE TO RESISTANCE

59. We will now calculate the drop on the wires in the
factory shown in Fig. 36, using the smallest wires permitted
by the Underwriters. The distance from the dynamo D
to point A, which is the average distance that the current
travels on the No. 6 wire, is 150 feet (allowing for risers to
a ceiling 15 feet high). As there must be two wires, the
total length of wire is 300 feet or .3 thousand feet.

The resistance of 1,000 feet of No. 6 wire (Table IV) is
.3944 ohm; therefore, the resistance of 300 feet of No. 6 wire
is .3 X .3944 = .11832 ohm. This line carries 50 amperes.
By Ohm’s law, the drop is given by the following relation:
Drop in line (volts) = current in line X resistance of line;
hence, drop = 50 X .118 = 5.9 volts.

The line from A to B carries current for nine lamps, or
4.5 amperes. Its distance is 140 feet and the resistance
of the No. 14 wire is 2.526 ohms per 1,000 feet; hence,
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Drop from 4 to lamp No. 3 = 15 (amperes)xz—xl—ol(f———-:(;)xl = .8 volt

Drop from lamp No. 2 to lamp No. 8 = lOX?—% = 1 volt

Drop from lamp No. ! to lamp No. 2 = 5><g%}x)—;—1 = .5 volt

Drop from lamp No. 4 to lamp No. § = .5 volt
2X40X1

Drop from A to lamp No. 4 = 10X~ 1,000 — 8
Total drop to lamp No. 1 = .341+.5 = 1.8 volts
Total drop to lamp No. 2 = .3+1 = 1.3 volts
Total drop to lamp No. 3 = .3 volt
Total drop to lamp No. 4 = .8 volt
Total drop to lamp No. § = .8+.5 = 1.3 volts

These slight variations can be permitted on the arc lamps
without inconvenience.

62. Size of Wire for Arc Lights.—It should be noted
that No. 10 wire is the smallest permitted on this line if the
line is protected by but one cut-out. But if the line is
divided into two parts, one for lamps Nos. 1, 2, and 3 and
one for lamps Nos. 4 and 5, with separate cut-outs for each
of these lines, smaller wires may be used, so far as the
Underwriters’ rules are concerned. Fig. 37 shows the sizes
permitted (a) with a single branch block and (&) with a
double branch block.

The wires that have their sizes designated by odd num-
bers from No. 7 up are not usually manufactured and cannot
be purchased except on special order. Therefore, work must
be done without using Nos. 7, 9, 11, and 13. The resist-
ances of these sizes, however, are given in the table, as these
wires are extensively used in the manufacture of electrical
machinery. In tables given later, the above sizes are not
given, although in a number of cases they would come
nearer the calculated size. In interior wiring it does not, as
a rule, pay to be too saving in regard to the sizes of wire,
and the nuisance of carrying a large number of sizes of wire
‘in stock more than counterbalances any slight gain there
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might be in the copper used on a given job. For this reason,
the above odd sizes are not generally used. Moreover, the -
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tendency is always to add more lights to a system, and it is
best to be liberal when installing the wire.

CALCULATION OF THE PROPER SIZE OF WIRE FOR A
GIVEN LOSS

63. Wiring for 110 Volts, 2 Per Cent. Drop.—We
will now calculate the sizes of wires required in the building
wired according to Fig. 36 for a loss of 2 per cent. (2 per
cent. of 110 = 2.2 volts).

This calculation will be made with a view to making the
drop uniform along all the lines; that is, we will make the
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volts drop per foot of line as nearly equal as possible in
feeders and .branches. The proper value of volts drop
per foot is found by allowing the desired drop to the most
distant group of lamps in the system and distributing this
drop uniformly along the lines to the generator.

The average distance from the dynamo to the most distant
group of lamps B is 150 + 140 = 290 feet. This requires
580 lineal feet of wire, or .58 thousand feet, there being two
2.2 (;gltsl = 3.8 volts per 1,000 feet. 3.8 (volits)
+ 50 (amperes) = .076 ohm per 1,000 feet for mains. The
nearest wire to this is No. 00, with .078 ohm per 1,000 feet.
Using this, the loss on the mains will be .3 X .078 X 50
= 1.17 volts, leaving 2.2 — 1.17 = 1.03 volts to be lost in
the branch line. The length of the branch is 140 feet (280
or .28 thousand feet double distance) and the drop per
1,000 feet is 1_2205 = 3.68 volts. The current in the branch
is 4.5 amperes; hence, the allowable resistance per 1,000 feet
is 368 _

4.5
Art. B9 the sizes were No. 6 for the mains and No. 14 for
the branch under consideration; consequently, to reduce the
drop from 9.08 volts to 2.2 volts these sizes must be increased
to No. 00 and No. 9, respectively.

lines.

.82 ohm. This would call for a No. 9 wire. In

64. Wiring for 220 Volts, 3 Per Cent. Drop.—As a
further exercise in calculating the required sizes of wires in
terms of resistances per 1,000 feet, let us ascertain the proper
sizes of wire to equip the factory with 220-volt lamps, allow-
ing 3 per cent. loss.

As 220-volt lamps are not as efficient as 110-volt lamps,
allow 60 watts per 16-candlepower lamp and 3 amperes per
enclosed-arc lamp. The circuits for incandescent lamps
carry approximately equal loads and are of about the same
length, so that it will be sufficient to calculate the size of
wire for one circuit only. 10 (lamps) X 60 (watts per lamp)
+ 220 (volts) = 2.73 amperes.
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shown in Fig. 38, where a circuit is run from a distributing
point A to a number of lamps B. For the first 100 feet no
lamps are connected; we then have, say twelve lamps spread
out over 50 feet at the end. In calculating the drop on such
a circuit, it is evident that the full length should not be taken,
because the whole of the current does not flow through all the
line. The current keeps decreasing as each lamp is passed.
The center of distribution for the lamps will, therefore, be
at C and the average length of wire through which the
6 amperes-is carried is 2 X 125 = 250 feet. If the lights were
bunched at the end of the line, the distance to the center
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of distribution would be the same as the length of the
line, and the length of wire through which the 6 amperes
would flow would be 2 X 150 = 300 feet. If the lights were
spaced uniformly throughout the whole length of the line, the
average distance would be *3¢ = 75 feet and the average
length of wire used in making calculations for drop would be
150 feet. By laying out a plan of the wiring, the average
distance over which the current is transmitted can usually
be determined without much trouble and close enough fcr
practical purposes.
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conductor happens to fall across the cut-out. Open link fuses
on 220-volt circuits are only allowable when used on enclosed
slate or marble tablet boards.

67. B8ize of Wire for Three-Wire S8ystem.—If it is
desired to wire the shop that we have been considering for
110-volt lamps on the Edison three-wire system, the sizes of
the main wires required will be the same as for the 220-volt
two-wire system, and a third, or neutral, wire must be
installed. This is usually placed between the other two; if
the wires are put on cleats, three-wire cleats may be used.
The neutral wire must not be smallcr than will be required
for the safe carrying capacity for the current of all the lamps
on one side of the circuit. In this case, that current is
25 amperes and the wire must not be smaller than No. 10; it
should be larger to prevent unbalancing when lamps are
turned off.

68. Unbalancing of Three-Wire System.— The
unbalancing of a three-wire system with the three wires of
equal size is illustrated in Fig. 40 () and (4). When the
system is balanced, as in (a), there are 3 amperes in the

o | —— FAmperes. B+/PV.
+,C D {M
- [/ ’
-M‘E ZAmperes. F% ¥ ¥ § § ; ;//0’
=0V,
(a)
. —— JAmperes. B+ OV,

é i é i é i 1088y
t 0 [ L Amperes. D 1}
e - JAmpere. F% ? ;'/aj‘(

— V.
)

FiG. 40

outside wires and no current in the neutral. Taking the pres-
sure between A and C or C and /7 as 112 volts, and between
B and D or D and F as 110 volts, there is a drop of 2 volts
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in A B and one of 2 volts in £ /. The resistance A B, CD,
and £ F must, therefore, be 3 ohm, in order to give a drop
of 2 volts with a current of 3 amperes. If the load becomes
unbalanced, as in (4), there will be a current of 3 amperes
in 1 B, as before, 2 amperes in CD, and 1 ampere in £ F.
The drop in A B will be 4 X8 = 2 volts; in CD, $x2
= 1} volts; in £F,$ X1 = % volt. The total drop in the
two outside wires will now be 2 + % = 2% volts, and hence
the pressure between the outside wires at the end of the line
must be 224 — 2§ = 221} volts. Taking the upper side of
the circuit, we have 3 amperes flowing out through A4 B and
2 amperes flowing back through CD; the drop on this side
must, therefore, be 2 4+ 1} = 3} volts and the pressure
between B and D must be 112 — 33 = 108% volts. The
pressure between 2 and Fis 2213 volts; hence, the pressure
between D and F must be 221} — 1085 = 112§. The result
of the uneven load is, therefore, that the voltage rises in the
lightly loaded side and falls on the side having a heavy load.
If the neutral wire were smaller, this unbalancing would
be greater.

The branch lines of a three-wire system being simple two-
wire circuits, they must be calculated for the proper current
and drop in the same way as ordinary two-wire circuits.
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(PART 2)

UNIFORM DROP IN FEEDER LINES

CALCULATING SIZES OF WIRE REQUIRED

1. In installations where there are many sets of feeders
running to various departments, it is usual to allow a certain
loss in the feeders and a certain other loss in the distribu-
tion wires. The drops in all feeders are made equal, and
the dynamo is operated at a higher voltage than the lamps
will stand, with the intention of losing a definite amount
before the lamps are reached. It is important that the
voltage at the lamps should never exceed that for which
they are intended.

2. Fig. 1 represents a plant, such as a wagon works or
furniture factory; only the outlines of the buildings are
indicated. The dynamo and switchboard are located at D in
the engine room. The various centers of distribution are to
be at or near the centers of the various floors, and a separate
pair of feeders is to be run to each distribution center.
Where elevator shafts are convenient, they are used to run
risers to the upper floors. In the case illustrated there are
fourteen pairs of feeder wires, each pair being represented
by one line in the figure. '

A 115-volt dynamo and 110-volt lamps are to be used. A
loss of 2 volts is to be allowed in the distribution wires and
For notice of copyright, see page immediately following the title page
iy
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a loss of 3 volts in the feeders, irrespective of their length.
The figure shows the plan of the feeders on one floor only;
the small round dots indicate risers.
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We will calculate the feeders on one floor only.

Di1STANCE LENGTH OF WIRE
I.ayMPs  AMPERES -
FeeT FERT
Shop A, H0 25 L1307 260 (.26 thousand)
Shop 7, 40 20 75 150 (.15 thousand)
Shop C, 40 20 85 170 (.17 thousand)

Shop D, 40 20 175 350 (.35 thousand)
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The resistance per 1,000 feet of these feeders required to
give a drop of 3 volts and the nearest sizes of wires obtain-
able, are calculated as follows:

Shop 4, -23;373 = .461, No. 6 has .395 ohm per 1,000 feet
Shop 5, 5 )-‘:’---.-1--5. = 1.000, No. 10 has .999 ohm per 1,000 feet
Shop C, 2o>‘§T7 = .882, No. 10 has .999 ohm per 1,000 feet
Shop D, 20—)(3—3§ = .429, No. 6 has .395 ohm per 1,000 feet

This method of calculating required sizes of wires can be
applied to any kind of wiring for any practical purpose; but
to avoid the necessity of figuring out each case, wiring
tables have been prepared by which the proper size can
be determined without calculation.

CALCULATION OF WIRE SIZES IN TERMS OF RESISTANCE
PER 1,000 FEET
3. Calculations based on resistance per 1,000 feet may
be put in the shape of a formula, as follows:

1,000
P = - 1
2D7 (1)
in which 7, = resistance of 1,000 feet of wire to be used;
¢ = drop, in volts;
D = distance, in feet;
[ = current, in amperes.

For example, to carry 10 amperes 600 feet (600 X 2

= 1,200 feet of wire) with- 3 volts drop, the resistance per

1,000 feet will be 7n = —1000X3 _ o5 (hm per 1,000

feet. No. 4 wire has about this resistance, as may bec seen
by consulting a wire table.

4. Wirlng Table Giving Distances for Drop of
1 Volt.—In Table I, distances in feet are given in the top

46—26
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the total watts supplied and the known voltage. For a two-
wire system the current is as follows:

Current — number of lamps X watts per lamp (6)

voltage at lamps
For a balanced three-wire system
number of lamps X watts per lamp 7

Current = - : :
voltage between outside wires at lamps

These formulas are general and apply to lamps of ény
efficiency.

CALCULATIONS FOR ALTERNATING CURRENT

8. For ordinary two- or three-wire work with alternating
current, calculations may be made in the same way as for
direct current. When wiring is done in conduit, the two
wires must be run in the same conduit, otherwise inductive
effects will greatly reduce the voltage at the lamps. With
ordinary open wiring, the induced counter E. M! F. is not
usually large enough to produce any noticeable effects.
especially when the load consists wholly of lamps. When
lamps are operateddon two-phase or three-phase alternating-
current systems, the different circuits are connected to dif-
ferent phases so as to balance the load, and as far as interior
wiring is concerned, the lighting circuits are single-phase and
are calculated in the same way as ordinary two-wire circuits.

OTHER FORMS OF WIRING TABLES

9. Before leaving the subject of wire calculations, atten-
tion is called to the fact that there are methods of arranging
wiring tables other than that given in Table I, for it is easy
to produce several arrangements of the same matter. ‘The
table that one is most accustomed to use seems the simplest.
Tables calculated for incandescent lamps, instead of for
amperes, are useless for general work and should not be
used for calculating wiring for lamps, unless it is known
that the cfficiency of the lamps on which the table is based
is the same as that of the lamps to be used.

Table Il is very convenient because it gives the distance
exactly corresponding to the required drop. To use it, divide
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the number of amperes transmitted by the number of volts
drop desired. Find the nearest number to this result in the line
of amperes; below this find the distance, in feet, most nearly
corresponding to the given distance; to the left of this, in the
column of wire sizes, is given the number of the required wire.

For example, to find the size of wire to transmit 15 amperes
140 feet with 3 volts loss, divide 15 by 3 and find the quo-
tient 5 in the line of amperes. In the column below, we find
the nearest distance 153, and to the left of this the size of
wire required, No. 8.

10. Probably the most convenient of all methods of
calculation, after one is accustomed to using it, is the
graphic method, in which amperes and distances are laid off
at right angles to one another, and the wires corresponding
to different values of these quantities, for a loss of 1 volt,
are represented by curved lines. Figs. 2 and 3 are diagrams
of this kind. Notice that every wire curve is dotted for a
short distance for currents larger than the maximum allowed
by the Underwriters’ rules for that size of wire. In deter-
mining the size of wire from these diagrams, do not use the
dotted portions of the curves. If a point should come near
one of the dotted sections, use the next larger size of wire.

To use such a diagram, find the point where the lines
representing amperes and given distance intersect, and
take the wire indicated by the wire line nearest this point.
Unless the wire line is very close, take the larger wire of
the two lines on each side of the intersection point.

For example, to find the wire required for 7 volts loss in a
distance of 125 feet, with 21 amperes, divide 21 by 7, which
gives 3; the line of 3 amperes intersects the line of 125 feet
about midway between the lines representing No.10 and No.12
wire; hence, the larger size of wire, No. 10, would be used.

11. In calculating the sizes of wires for 52-, 104-, 220-,
or 250-volt work, or for any intecrmediate voltage, it must
be borne in mind that lamps burning on lower voltages than
110 take more current, and those burning on higher voltages
take less current. An ampere per lamp for 52-volt lamps,
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use of molding, where large wires cannot be handled with-
out defacing the walls.

For convenience in comparing the conductivities of wires,
Table IV is given. As an illustration, it is seen from the
table that instead of a single No. 2 wire we might use four
No. 6 wires; two No. 5; four No. &; etc. Of course, nothing
smaller than No. 14 can be used for interior wiring.

The conductivity is directly proportional to the total
cross-section of all the conductors in parallel, and the total
resistance is inversely proportional to the total cross-section.

NP10 Wires 24 Amperes each or less

”
N  OFAmperefuse or
= o /833 Yoprofect
o |70 B8ranchlines LOAmpere fusesio | NP H Wire
§f and Lamps protect NCOWires
—
To Switchbaard
(a)
N/0 Wires,
.
BN
[ §
o ~ 6IAmpers fuse
§
®)
Fi16. 4

13. Circuits of several wires in parallel are sometimes
run where a large drop in voltage is not objectionable, but
where a single wire small enough to produce that drop will
not carry the current safely. Two or more small wires will
safely carry more current than one large wire of equivalent
cross-section, because two small wires have a greater surface
arca from which the heat can escape than has one wire of
twice the cross-section. For instance, suppose that it is
desired to run wires in molding to secure a drop of 4 volts
with 65 amperes over a distance of 100 feet. Calculating
the required size of wire by means of Table II, we see that
No. 5 will give the required drop. But No. 5 rubber-covered



INTERIOR WIRING 16

§44

61—z : 0z 4 QI 91
oz—b | L1—z | g1 4 91 b1
oz—g | g1—V | S1—z | 91 4 b1 z1
61— | 91— | €1—z | b1 4 21 oI
0z—9r1 | L1—8§ | Y1—b | 11—2 | zI +o.~ 8
11 4 11 4 o1 g1—91 | S1—8 | z1—V | 6 —z | o1 4§ 9
or 4+ o1 +6 oz—e¢€ | L1—9g1 | 1—8 | 11—V | 8§ —2 6 +¢ )
6 +6 +8 61—z€ | 9g1—91 | f1—8 (01— | L —2z | 8 +9 4
8 +8 +4 g1—z€ | S1—9r1 | z1—8 |6 —V {9 —z | L +§ £
L +4 49 oz—bg | L1—z€ | Y1—91 | 11—8 | g —V | S —z | 9 + F z
9 +9 + S 61—b9 | g1—2€ | €1—91 |01—8 | L —V | ¥ —2 | § + ¢ I
S +S +¢¥ gl—bg | S1—2€ | 21—91 (6 —8 |9 —FV | € —z | ¥ + 2 o
vy +v +¢€ oz—gz1 | L1—bg | b1—2€ | 11—91 | g —8 | S —V |z —2z | £ +1 00
€ +¢ 42 61—gz1 | g1—bg | €1—2€ | 0o1—91 { L —8 |V —F |1 —2 | 2 +0 | 000
zZ +z 41 g1—gz1 | S1—vg | z1—z€ | 6 —91 _ 9—— | €€ —V|0o—z | 1 400 0000
v a3nen
S3IIM JO[[BWS JO SWIAJ, Ul ‘UOIID9S-SS01) jua[eainby | .w.oww_ >wm
muo laqunp

SAIIM JO0 NOILOIAS-SSOHD INITTVAINDA

Al HTAVL



16 INTERIOR WIRING §4

wire will safely carry only 54 amperes, while 65 amperes
is to be transmitted. By using two No. 8 wires, which are
equivalent in cross-section to one No. 5, we can safely carry
the current with the specified drop. If the current were
still greater, we could use one No. 8 and two No. 10 wires
with about the same results. However, such arrangements to
secure a drop are only used in emergencies or under special
conditions, and are usually only temporary expedients.

14. cCalculation of Wires in Parallel.—If a number
of wires are to be used in parallel to do the work of a single
large wire, i. e., to carry a certain current a given distance
with a specified drop, the combined cross-section of the
smaller wires must equal the cross-section that the large
wire would have. Suppose, for example, that a wireman at
a distance from a supply house has on hand a large amournt
of No. 12 wire, but no larger wire, and that ‘'he desires to
carry a current of 40 amperes, 150 feet (one way) with
3 volts loss. How many No. 12 wires should be connected
in parallel to secure the result? Using formula 5, 7 = 40,
21.6 X 150 X 40

D = 150, and ¢ = 3; hence, circular mils = 3

= 43,200.

The cross-section of No. 12 wire is 6,530 circular mils,
approximately; hence, to make up a cross-section of 43,200 cir-
cular mils, 43,200

6,530
required. In this case, therefore, it would be necessary to use
seven No. 12 wires, as this is the whole number nearest to 6.6.

Take another example. In an old building, wired with
too much drop, itis desired to reenforce the mains so as to
reduce the drop to 2 volts. A circuit of No. 8 wire carrying
20 amperes a distance of 150 feet is to be reenforced. What
size of wire should he used?

The cross-section necessary to carry 20 amperes, 150 feet
with a drop of 2 volts is, from formula 5,

21.6 X 150 X 20
2

= 6.6 No. 12 wires in parallel would be

circular mils = = 32,400
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between supports should be shortened. In buildings of mill

construction, mains of No. 8 B. & S. gauge wire or over,

where not liable to be disturbed, may be separated about

6 inches, and run from timber to timber, not breaking

around, and may be supported at each timber only.
Sockets—

a. In rooms where inflammable gases may exist,
the incandescent lamp and socket must be enclosed
in a vapor-tight globe and supported on a pipe
hanger, wired with approved rubber-covered wire
soldered directly to the circuit.

6. In damp or wet places or over specially
inflammable stuff, waterproof sockets must be used.

Waterproof sockets should be hung by separate sfranded,
rubber-covered wires, not smaller than No. 14 B. & S.
gauge, which should preferably be twisted together when
the pendant is over 3 feet long. These wires should be
soldered direct to the circuit wires, but supported inde-
pendently of them.

Fig. 5 shows a waterproof globe for use where inflam-
mable gases may exist. In wiring
damp cellars, it is especially desirable
to have the lamps divided among sev-
eral small circuits, so that the blowing
of a fuse will not put out many lamps.
In such work, rosettes should never
be used, but the drop wires should be:
soldered to, but not supported by, the
line wires, and the joints should be
thoroughly wrapped with insulating
tape. The cut-outs should be placed
outside the cellars, in a dry place, if
possible, otherwise they should be
placed in waterproof boxes. It should
be noted that, in damp places, par-
ticular attention must be paid to the
character of the insulation. There
must be a clear air space around
the wires so that there will be no
chance for moisture to accumulate
and cause short circuits.

Fic. 5
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with other objects. However, in non-fireproof buildings
where the wires can be run between the joists there is little
danger of their being disturbed, and wires well supported on
knobs have amply high insulation. The class of work to be
used in any given case will depend on the character of the
building to be wired, the allowable cost, and on the local
regulations, if any, governing the wiring of buildings.

CONCEALED KNOB-AND-TUBE WORK
17. The most common way of concealing wires in non-
fireproof buildings is to run them through the joists between

the floors and ceilings
——— m%" and through studding
S o partitions, and to in-

sulate them by means
of porcelain knobs and
SRR tubes, as shown in
—=F————————— Fig. 6. The holes
should not be closer to-
gether than is allowed
by the Underwriters’
rules, and the tubes
—— = should fit tightly in the
===————————— holes. When the holes
are not horizontal, but
Fie. 6 are bored from above
or below obliquely, the tubes should be put in with their
heads on the high side, so that they cannot fall or slide out;
and when tubes are placed so
that therc is any strain on them,
their hcads must be so placed
that the tubes cannot slip.
Holes should be bored of such
a size that the tubes can be
inserted by driving lightly. Do
not make the holes too small or
there will be danger of breaking FiG. 7
the tubes. Holes must be bored sufficiently far away from

[ 1
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both for gas and electricity, and if the wires are not well
protected where brought out, a ground on the gas-pipe
may result.

Fig. 7 shows the method of bringing out a ceiling outlet
with knob-and-tube work. The flexible conduit used to pro-
tect the wires projects as far as, or slightly beyond, the end
of the pipe and runs back as far as the porcelain support
next to the outlet. Fig. 8 (a) and (4) shows two methods
of bringing out side-wall outlets, (a) being a combination
gas and electric outlet and (4) a plain electric outlet. The
latter shows a board nailed across between the studs to sup-
port the fixture. In both cases the flexible conduit extends
back to the insulators, as required by rule (d).

19. For running wires parallel to joists, knobs are
generally used because they make it possible to keep the
wires well separated. The following rules apply to this
kind of work:

Wires—
For concealed knob-and-tube work.:

a. Must have an approved rubber insulating
covering. .

6. Must be rigidly supported on non-combus-
tible, non-absorptive insulators that separate the
wire at least 1 inch from the surface wired over,
and must be kept at least 10 inches apart, and,
when possible, should be run singly on separate
timbers or studding. Must be separated from con-
tact with the walls, floor timbers, and partitions
through which they may pass by non-combustible,
non-absorptive insulating tubes, such as glass or
porcelain.

Rigid supporting requires under ordinary conditions,
where wiring along flat surfaces, supports at least every

41 feet. If the wires are liable to be disturbed, the distance
between supports should be shortened.

¢. When, in a concealed knob-and-tube system,
it is impracticable to place any circuit on non-
combustible supports of glass or porcelain, approved
metal conduit, or approved armored cable must be
used except that if the difference of potential
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sheath between the insulation and the armor. Protected
flexible cord, of the same style, is a very convenient article
to use in wiring offices, banks, etc., where small conductors
must be carried behind desks or fastened to iron or cabinet
work, and in many other places where ordinary cords will
not do and will not be permitted.

The following rule governs the arrangement of the wire at
outlets when it is run on the concealed knob-and-tube plan:

d. Must at all outlets, except where conduit is
used, be protected by approved flexible insulating
tubing, extending in continuous lengths from the
last porcelain support to at least 1 inch beyond the
outlet. In case of combination fixtures, the tubes
must extend at least flush with the outer end of the
gas cap.

It should be particularly noted that in concealed knob-and-
tube work, or in fact in any kind of concealed wiring, the
wire must be rubber-covered. Weather-proof or fireproof
and weather-proof wires are prohibited for concealed work.
The calculations for concealed wiring are the same as for
open work; but it must be remembered that rubber-covered
wires are not allowed to carry as much current as weather-
proof wires, as shown by the Underwriters’ table of carry-
ing capacities.

20. Use of Cabinets and Panel Boards.—For con-
cealed work, the closet, or cabinet, system of distribution
is now universally used. In it the mains are run to cabinets
or panel boards set in the wall, and the lines running to the
lamps arc distributed from these. Many styvles of these
panel boards are manufactured, and the kind used will
depend largely on the size and allowable cost of the instal-
lation. For the cheaper class of work, the cut-outs may be
grouped together and placed in a cabinet formed in the wall.
This cabinct should be neatly lined with #-inch asbestos
secured in place by tacks and shellaced. Where the wires
pass into and out of the sides or bottom, they should be
bushed with porcelain tubes. A neat glass or asbestos-lined
door should be provided. A cabinet made in this way is
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tenant. In large houses, it is often convenient to have a
cut-out cabinet on each floor, with vertical mains running
through them from the top to the bottom of the house. If
only one distributing point is used, it should be either in the
cellar or attic and risers should run to the different floors.
If it is known that the wires are to enter the building in the
cellar, the distributing center should be located there; if the
wires enter in the attic, the distributing point should be
located there. This assumes that vertical risers are run from
the distributing center to feed the various floors. In case a
single pair of vertical mains is used with the circuits branch-
ing off on each floor, the mains may be run from the top to
the bottom of the house and the current supplied from
either end.

No matter what arrangement is adopted for distributing
the current, the distributing centers, or cut-out cabinets,
should be in or near a partition that is located so as to make
the running of risers easy. They should also be as near the
center of the building as possible and on an inside wall, so
as to guard against dampness.

23. Figs. 15 and 16 show two floors of a typical dwell-
ing. The distributing points are located in the hallway near
the center of the house, because such location is central and
casy to get at. The various branch circuits on the plans are
indicated by single lines, although each line represents two
wires. The wiring is supposed to be done on the ordinary
concealed knob-and-tube system and no circuit carries more
than ten lights. Switches are placed on the side walls, as
shown ats. The switch for controlling the hall lights should
be placed at some convenient point near the door, so that the
lights may be turned on when entering the building. It is
sometimes convenient to have another switch at the head of
the stairs for controlling the hall light, so that the light may
be turned on or off from either above or below. This
requires the use of three-point switches, the necessary con-
nections for which will be explained later. In the plans,
double-pole switches are indicated; single-pole switches,
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which are cheaper to install, may, however, be used when
not over 660 watts are controlled.

24. Laying Out Circuits.—In laying out the various
branch circuits, the first thing to do is to locate the lights on
the plan and then group these lights for the different cir-
cuits, so that there will not be more than ten or twelve lights
on each one. After this is done the lines may be marked;
in doing this, due regard should be given to the direction in
which the joists run, so that the wire may be put in with as
little boring and cutting as possible. Run parallel to the
beams wherever it can be done, even if it does take a little
more wire. ‘T'he best time to wire the building is after the
floorbecams and studding are in place, but before any lathing
or plastering has been done. In Fig. 15, four circuits are
provided, all terminating in the cut-out cabinet in the hall,
where they are attached to the vertical mains. For the
second floor, Fig. 16, three circuits are sufficient. No. 14
wire is used for all these circuits. It will be found that
No. 14 wire (the smallest that the Underwriters allow) is
large cnough for any of the branch circuits met with in
ordinary house-wiring work. The number of lights per cir-
cuit is small and the distances short, so that No. 14 will
carry the current with but a small drop in voltage.

25. The Mains.—If vertical mains are used, the cur-
rent that they will carry will be less at one end than at the
other, because current is taken off at the different floors. It
is usually advisable, however, to make the mains the same
size all through an ordinary house, because it costs but
little more and enables the current to be supplied from
either end.  In large buildings, where it would not pay to
do this, it is customary to install a number of risers feeding
different scctions of the building and running to a common
distributing point, usually located in the basement. The
mains must, of course, be designed to carry the current in
accordance with the Underwriters’ requirements or to limit
the drop to the allowable amount if the wire required by the
Underwriters will give too much drop. Suppose that the
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house under consideration has a total of 60 lamps. The
current in the mains will then be 30 amperes, and at least
a No. 8 wire will be required to satisfy the Underwriters’
requirements.

By referring to Table II, it is found that No. 8 wire will
carry 30 amperes a distance of 25.5 feet with a drop of
1 volt. For a building of this kind, the drop from the point
where the current enters the building to the lamps should
not exceed 2 to 2.5 volts. The drop in the branch circuits
is very small, but it would be advisable to put in No. 6
mains, as the difference in first cost will be but little. Itis
the usual practice to make the mains of liberal cross-section.
For a house of this size No. 4 would often be used, although
it does not need to be as large as this so far as drop is
concerned.

26. Maln Switch, Cut-Out, and Meter.—At a con-
venicent point near the place where the wires enter the build-
ing, a main cut-out and switch must be placed, as required
by the Underwriters. The cut-out should be placed nearest
the point of entry, the switch next to it, and the meter last.
Never permit the meter to be installed between the switch
and the cut-out, as in that case it may register a small
amount each day, even if the switch is open. If a knife-
blade switch is used at the entrance to the building, it should
be placed so that when opened it will not tend to fall closed
of its own accord. It is also advisable to place it in an
asbestos-lined box provided with a lined door.

The best arrangement of the wires for the meter will
depend to some cxtent on the type of meter used. Ina
great many cases, however, the wires enter the left-hand
side of the meter and pass out at the right. Fig. 17 repre-
sents a typical arrangement of main fuses, switch, and meter.

Most recording electric meters consist of a small electric
motor, the revolving part of which turns on jeweled bear-
ings and is connected to a train of gears and dials. The
motor is governed by means of retarding devices, so that it
runs at a speed accurately proportional to the load. Some
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The following typical specifications cover all the main
points necessary for such a piece of work in an ordinary
dwelling house.

Other details, such as the location of additional switches,
the use of particular kinds of cut-outs, etc., may be added to
these specifications if desired. The specifications cover only
the concealed work.

Specifications for Concealed Electric-Light Wiring

For 110- or 220-Volt Systems

Distribution A distribution cabinet is to be located on

Cabinet some inside wall, in a readily accessible place,
on the second floor or the attic, as near the
center of the building as possible.

The cabinet must be lined with slate { inch
thick and fitted with a door covered on the
inside with slate } inch thick. .
Circuits From this cabinet separate circuits must be
run to the outlets in such a manner that not
more than ten 16-candlepower incandescent
lamps shall be placed on any circuit. Wher-
cver the number of lamps is not marked on
the plans or otherwise specified as greater than
here required, pendants shall be considered as
intended to carry four lamps each and brackets
one lamp cach. .

Fuses All fuses must be located on a panel board
placed in the distribution cabinet. The panel
boards must be of slate at least # inch thick
and be provided with terminals designed for
enclosed fuses. Both sides of all lines must
be fused and the fuses must be of a type suit-
able for use on 220 volts and capable of inter-
rupting the arc due to a 220-volt short circuit.
Wires All circuits running from the distribution
 center must be of No. 11 B. & S., or larger,
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Running Brick and stone walls must be avoided wher-
Along Brick | cver possible. Wherever wires pass along them,
Walls | they must be incased in approved conduits.

Main-Line There must be supplied and installed by the
g:::"" and ! contractor a main-line cut-out and a quick-break

| switch, both double-pole, to be located in the
attic at the end of the feeder lines. These
devices must be approved by the Underwriters
as capable of breaking the current for the
total number of lamps wired, at either 110 or
220 volts. Knife switches, if used, must be
so connected that they open downwards and
the blades must be ‘‘dead’’ when the switch is
open, and must be mounted in an asbestos
or slate-lined box provided with a similarly
lined door.

Inspection, The contractor must notify the Underwriters’
f:;'m““' Association of the progress of his work in time
Payment to have a thorough inspection made (2 days

before work is concealed at least). He must
secure a certificate from that Association stating
that the work is suitable for use on 110- or
220-volt service, two- or three-wire systems,
before any payments shall be made to him.

SWITCHES

28. Bwitches located at various points on the walls of
rooms are a great convenience and should be installed on
all first-class jobs of any magnitude. The single-pole snap
switch (for not more than 660 watts) is the simplest and
cheapest. It opens one side of the circuit only. Next in
frequency of its use is the double-pole snap switch for larger
chandeliers or groups of lights. In addition to these, there
arc a number of special uses of switches to allow lamps to
be controlled from two or more points.

29. cControl of Lamps From Two Points.—Fig. 18
(e) and (6) shows a switching arrangement for controlling
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replaced by a three-way socket. By using a three-way
socket on the fixture in connection with a three-way switch
Man on the side wall, a
Llon . lamp may be turned
on or off either at the
socket or at the switch.
& Both schemes of con-

Socket Swirch j nection (e¢) and (4)
accomplish the same
result, and the one that

(a) 3 . .

Mori is most convenient in

Mar ~any case will depend
considerably on the lo-
cation of the supply

mains.

A Sacrey Smpen ? 30. cControl of
©®) Lights From Three

or More Points.—To
control lights from
Fic. 19 three stations, as indi-
cated in Fig. 20, it is necessary to use two three-point
switches ., C for the end stations and a four-point switch B

for the middle station. When 2 is in the position shown,
Mon

Fic.
points 7 and 2 and points 3 and -/ are connected together.
When the switch is turned, these connections are broken and
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6. Must have all burrs, or fins, removed before
the conductors are drawn into the fixture.

c. Must be tested for contacts between conduct-
ors and fixture, for short circuits, and for ground
connections before it is connected to its supply
conductors.

34. Rule (¢) is important. In wiring up fixtures, it is
an easy matter for the fixture wire to become grounded on
the shell and all fixtures should be thoroughly tested with a
magneto before they are connected to the circuit. It is much
easier to locate the faults before the fixtures are put up than
it is after. In connecting fixtures to the line wires, all joints
should be soldered and thoroughly taped so that there will
be no danger of grounding or short-circuiting when the
canopy is pushed up in place. Particular attention should be
given to the connecting of the lamp sockets; this is a part of
the fixture wiring that is often slighted and causes many
short circuits and grounds. Great care should be taken to
see that the sockets are good, and also that they are strong
enough to bear the weight of shades. Faulty sockets are
more likely to cause trouble on fixtures than on drop cords,
for the socket itself is always grounded on the fixture, and if
either wirc becomes grounded on the socket shell, it is in
consequence grounded on the fixture.

INSULATING JOINTS

35. The insulating joint is the most important elec-
trical fitting used in fixture work; joints are made for all pos-
sible combinations. Fig. 24 shows a very good style; piece a

screws on to the gas

pipe and 4 to the fix-

ture. The parts are

separated by insu-

lating material ¢, and

‘the outside of the

Fic. 24 joint is covered with

molded insulation 4. The gas pipe above the joint must
be covered by an insulating tube, as required by rule (a),
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joists or other secure support. In case outlet boxes are
used, as with conduit work, the gas pipe extends through the
box and carries the fixture if a combination fixture is used.
For plain electric fixtures, the outlet boxes are provided

Jon?

(a) F16. 26 ()

with a threaded projection, which holds the fixture, the out-
let box serving as a base or crowfoot. Fig. 26 (a) shows
the arrangement of a plain electric fixture and a combination
fixture connected to outlets
wired on the concealed knob-
and-tube plan. The flexible
tubing projects through the ceil-
ing, as shown, and is connected
to the fixture wires. In the
combination fixture (&), the fix-
ture wires are run between the
outer shella and the gas pipe b.
When old fixtures are to be
Fio. 77 wired, they must be taken down
and supplied with insulating joints. Sockets may be attached
to old gas fixtures by means of spars Fig. 27, that fasten to
the fixtures at the gas burners.







48 INTERIOR WIRING S4

illumination and having ceilings about 10 feet high, about
.25 to .29 candlepower per square foot should be sufficient.
For rooms with high ceilings .45 to .5 candlepower per square
foot should be allowed, and for very brilliant lighting in ball-
rooms or similar places, the allowance may be as high as
1 candlepower per square foot. Of course, these figures
are for cases where the whole room is to be generally illu-
minated; when the light is used locally, as at desks or read-
ing tables, it may not be necessary to have the room generally
illuminated and the allowance per square foot might be much
less than that indicated by the above figures.

CONDUIT WIRING

EARLY CONDUIT SYSTEMS

39. A number of years ago, before there were uniform
rules governing the installation of wires to make them safe,
it was a common practice to use, for electric lighting, wires
wound with cotton thread saturated with paraffin. These
wires were fastened with wooden cleats nailed against the
walls and ceilings. Signal and bell wires are still some-
times put up in this way. The first step in the direction of
improvement was limiting the number of incandescent lamps
allowed on a given size of wire. The next was the substi-
tution of ‘“‘weather-proof’” or ‘Underwriters’” wire for the
paraffin-covered ‘‘office wire.”” Later came the porcelain
cleat, which was not in general use before 1892.

The manner of installing wire in concealed work has
undergone a similar evolution. At first wires were pulled
through holes in the joists and installed without any pro-
tection other than their insulating covering; sometimes even
two wires were pulled through the same hole, but this was
not long tolerated. Progress came along two distinctly dif-
ferent lines: one that of insulating the wire by the use of knobs
and tubes, as previously described; the other that of providing
a continuous raceway, or condult, for the conductors,
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Fig. 28 shows a piece of iron-armored, lined conduit; a is
the armor about # inch thick, which is the same as ordinary
gas pipe; 6 is the insulating lining, not less than 3% inch
thick and adhering to the outer pipe. Conduit, whether
lined or unlined, is put up in the same manner as a good job

=y of gas-fitting. In fact, unlined conduit is practically
the same as gas pipe except that the interior surface
is galvanized, enameled, or otherwise treated to make
it smooth and to keep it from rusting. Great care
should be taken at the joints to see that the pipe
is reamed and that the ends come together, so as to
form a smooth runway (free from burrs) for the
wire. In many places the conduit may be bent and
the use of an elbow, with its threaded joints, avoided.
There are several devices on the market for bending
conduit, but about as good a way as any to bend
conduit is to get a good stout piece of spruce or hard
pine and bore a hole in it a little larger than the
conduit. The pipe is then passed through the hole
and the bend easily worked in. Another improvised form
of bender is made by securing a short piece of 1i-inch
pipe into a 13-inch T and clamping the piece of pipe in a vise.
The conduit can then be passed through the T and bent to
any desired shape. For iron-conduit wiring, the wireman
should be provided with a regular outfit of pipe-fitter’s tools.

41. Most conduit wiring is now carried out on the single-
tube system, i. e., both wires or a twin wire are run in the
same conduit. This plan requires less conduit and labor
than the double-tube system and is, in fact, the only allowable
arrangement when alternating currents are used. In the
case of a large church, supposedly wired for 52 volts, 2 per
cent. loss, the contractor ran the wires in separate pipes,
with the resutt that when the current was turned on only
13 volts were obtained at the lamps. It is cheaper, as well
as better, to use twin or concentric conductors in a single
conduit, except for very large cables that are to carry direct
currents.
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boxes, and by disconnecting the wires running to the lamps,
the main wires can be withdrawn.

The loop system using iron conduits is, of course, very
much more expensive than the knob-and-tube system. It
is, however, much more permanent in character and is the
only style now used in the best class of buildings. The
best method of running the conduit, so as to save bends and
make the conduit as short as possible, must be left to the
judgment of the wireman. In laying out such wiring, he
must remember that the two wires are run together and
that he cannot make short cuts with single wires, as in
knob-and-tube work.

43. Conduits less than § inch inside diameter are not
allowable, and an outlet box must be provided at each outlet.
When branch lines are taken off, a junction box must be
provided. Junction boxes and outlet boxes are manufactured
in a large variety of forms to accommodate conduits coming
into them from different directions. Fig. 30 (a) shows a
round cast-iron junction box. These boxes should be

(a)

F1G.30

mounted firmly in the wall and be placed so that the surface
will come flush with the plastering. The split nuts a, a hold
the conduit in place. ’
Fig. 30 (#) shows an outlet plate. The conduit is
clamped in openings a and the gas pipe is clamped in 4.
Outlet plates must not be used unless it is impossible to
install a regular outlet box. Outlet boxes used with lined
conduit must also be lined and all boxes, whether lined or
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wired with iron-armored conduit. The floors are made of
hollow tile placed between I beams. On top of the I beams
wooden stringers are laid and the rough flooring is laid
diagonally on these stringers. The finished floor is laid
on top of the rough flooring. The gas pipes and electric
conduit are laid in the space between the under side of the
rough flooring and the top of the hollow tile. After the
pipes and conduit have been laid, this space is filled with
concrete. The conduit elbows and the gas pipe are brought
down through the tile to the steel outlet box a. The ends
of the conduit are provided with insulating nipples &, 4, and
the gas pipe ¢, where it passes through the box, is provided

Fic. 33

with an insulating sleeve 4. The wiring is on the loop
system, the twin loop e being brought down from the conduit
and the wires in it attached to the fixture wires as shown.
The canopy is separated from the ceiling by the canopy
insulator . Of course the arrangement of outlets will differ
considerably as to details, depending on the style of the
outlet box used and the method of bringing down the conduit
to the box. In general, the conduit should be brought down
$0 as to necessitate as little cutting of the arch as possible;
the outlet box should be well secured to the conduit, and the
fixture must be firmly supported.
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amount of conduit and labor. Sw'tch outlets should be
placed about 4 feet 3 inches from the floor and side-bracket
outlets about 6 feet. Firm supports should be provided for
outlet boxes in all cases; on ordinary walls or ceilings boards
should be naited across between the joists or studding.

45. Wire Used in Conduits.—Single wire used in
lined conduit is the same as rubber-covered wire used for
other low-voltage work. If twin wire is used, each conductor
must comply with the requirements for other low-voltage,
rubber-covered wire, except that each wire may be taped
instead of braided, and there must be a braided covering over
the whole. For unlined conduits, the same requirements
hold, and in addition the wire must be provided with an extra
braiding at least 3% inch thick.

46. The following are some of the more important rules
relating to the installation of conduits:

Interior Conduits—

The object of a tube or conduit is to facilitate the insertion
or extraction of the conductors, and to protect them from
mechanical injury. Tubes or conduits are to be considered
merely as raceways, and are not to be relied on for insulation
between wire and wire or between the wire and the ground.

a. No conduit tube having an internal diameter
of less than ® inch shall be used; measurement to
be taken inside of metal conduits.

4. Must be continuous from one junction box to
another or to fixtures, and the conduit tube must
properly enter all fittings.

In case of underground service connections and main
runs, this involves running each conduit continuously into
a main cut-out cabinet or gutter surrounding the panel
doard, as the case may be.

¢.  Must be first installed as a complete conduit
system, without the conductors.

d. Must be equipped at every outlet with an
.pproved outlct box or plate.

Outlet plates must not be used where it is practicable to
install outlet boxes.

In buildings already constructed where the conditions are
such that neither outlet box nor plate can be installed, these
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the conduit is, of course, installed during the constructior
of the building before lathing and plastering are done. The
wires are, however, not drawn in until all rough work on the
building is completed [note rule (¢)].

There has been much discussion as to what constitutes a
permanent and effectual ground in such work. In small
installations the ground should be of as great carrying capac-
ity as the conductors within the conduit. In large plants
this is not practicable. Where conduits pass from junction
box to junction box, they should be well connected, electric-
ally as well as mechanically, to the metal of the boxes, so
that no part of the conduit system will be insulated from or
in poor contact with the rest of the system. If good contact
cannot be made between the pipe and box, the pipe should
be carefully cleaned on each side and a copper-wire jumper
connected around the box.

Screw joints between various lengths of pipe and between
pipes and junction boxes and cut-out cabinet frames are to be
preferred to all other kinds of joints, because they are more
secure and afford better electrical contact. To secure them
in an entire system, it is necessary to use a few right-hand
and left-hand couplings or a few unions. Where unions are
used, they should preferably be of brass, because brass gives
better contact at the sliding
joints than iron. In most
cases, however, instead of
a union or right-hand and
left-hand coupling, the
thread is cut well back on
one piece, the coupling
screwed on and afterwards screwed back over the other piece.

But owing to the difficulty of installing screw joints in all
places, and because other joints are easier to make and
require less expensive fittings (though not so good), many
systems have been designed in which other kinds of joints
are relied on.  Whatever system is used, the workman must
not shirk the duty of making good pipe connections, which
are as important as soldered joints on the wires.

Fic. 35
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is easily installed, but it is not waterproof. It is, therefore,
inferior to the iron conduit for damp places or where the
conduit has to be laid in concrete.

49. Drawing Wires in Conduits.—When the wires
are to be drawn into conduits, soapstone should be blown
through first, as it makes the wire slide through more easily
and take the ells better. A ‘‘snake” is first run through
the tube and the wire pulled threugh by means of it. The
snake usually consists of a steel ribbon about # inch wide
with a ball about § inch diameter on the end. If the conduit
has many turns, it is advisable to use a coiled spiral spring
about + inch diameter and 6 or 8 inches long with a ball on
one end and the other end fastened securely to the steel
ribbon. The end with the piece of spring is pushed in first
and the spring passes around the turns easily.

Fig. 36 shows one floor of a dwelling house wired with
conduit. The numbers on the various outlets indicate the
number of lamps supplied. The wiring is carried out on
the loop system, and it will be noticed that no branches are
taken off between outlets. Four circuits are used in order
that there may not be more than ten lamps on any one circuit.

WOODEN MOLDINGS

50. Wooden moldings are used for running wires over
woodwork, on walls, door and window frames, and other
places where they cannot otherwise be well concealed.
Moldings put up on ceilings or walls should be arranged
symmetrically, so as to disguise their purpose, even though
it may be necessary to put up blank molding for this
purpose. Work of this kind is confined almost exclusively
to old buildings, and molding should note be used where it
can be avoided. The following rules relate to moldings:

Wooden Moldings—

a. Must have both outside and inside at least
two coats of waterproof paint or be impregnated
with a moisture repellent.
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In most installations, where the inspector has no reason
to suspect that any faulty material has been used, he is
able to satisfy himself by these tests and by examining the
work with his eye; in fact, in many cases an ocular inspec-
tion is the only inspection made by the authorities, if they
are satisfied that the contractor is honest and has made the
other necessary tests.

55. Where more particular attention is given to a piece
of work or where it is desired to learn whether an old
installation or one not properly inspected at the time the
work was done is up to the standard of safety, the insulation
resistance is measured. '

Insulation Resistance—

The wiring in any building must test free from
grounds; i. e., the complete installation must have
an insulation between conductors and between all
conductors and the ground (not including attach-
ments, sockets, receptacles, etc.) of not less than
the following:

Up to 5amperes . . . . . 4,000,000 ohms

Upto 10 amperes. . . . . 2,000,000 ohms
Upto 25 amperes. . . . . 800,000 ohms
Upto H0amperes. . . . . 400,000 ohms
Upto 100 amperes. . . . . 200,000 ohms
Up to 200 amperes. . . . . 100,000 ohms
Up to 400 amperes . . . . . 25,000 ohms
Up to 800 amperes . . . . . 25,000 ohms
Up to 1,600 amperes . . . . . 12,500 ohms

All cut-outs and safety devices should be in place
when the above test is made.

Where lamp sockets, receptacles, and electroliers,
etc. are connected, one-half of the above will be
required.

Where lamps or other devices are suspected of taking
more current than they should or where the load on any
line is, for any reason, in doubt, the current should be
measured with an ammeter.
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smaller than No. 14 B. & S. except in fixture wir-
ing to be used.

Stranded wires must be soldered before being fastened
under clamps or binding screws, and when they have a con-
ductivity greater than No. 10 B. & S. copper wire, they must
be soldered into lugs.

¢. Splices or taps in conductors must be avoided
as far as possible. Where it is necessary to make
them, they must be so spliced or joined as to be both
mechanically and electrically secure without solder.
They must then be soldered, to insure preservation,
covered with an insulating compound equal to the
insulation of the wire, and further protected by a
waterproof tape. The joint must then be coated or
painted with a waterproof compound.

Wires for Molding Work—
a. Must have an approved insulating covering.

The insulation for conductors, to be approved, must be at
least % inch in thickness and covered with a substantial
waterproof and flame-proof braid.

The physical characteristics shall not be affected by any
change in temperature up to 200° F. After 2 weeks’ sub-
mersion in salt water at 70° F., it must show an insulation
resistance of 100 megohms per mile after 3 minutes’ electrifi-
cation with 550 volts.

6. Must have, when passing through water-tight
bulkheads and through all decks, a metallic stuffing
tube lined with hard rubber. In case of deck tubes,
they shall be boxed necar deck to prevent mechan-
ical injury.

¢. Must be bushed with hard-rubber tubing
% inch in thickness when passing through beams
and non-water-tight bulkheads.

Wires for Conduit Work—

a. Must have an approved insulating covering.

The insulation for conductors for use in lined conduits, to
be approved, must be at least 3% imch in thickness and be
covered with a substantial waterproof and flame-proof braid.
The physical characteristics shall not be affected by any
change in temperature up to 200° F.

After 2 wecks’ submersion in salt water at 70° F., it must
show an insulation resistance of 100 megohms per mile after
3 minutes’ electrification with 550 volts.

For unlined metal conduits, conductors must con-
form to the specifications given for lined conduits,
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and in addition have a second outer fibrous cover-
ing at least 3's inch in thickness and sufficiently
tepacious to withstand the abrasion of being drawn
through the metal conduit.

6. Must not be drawn in until the mechanical work
on the conduit is completed and the same is in place.

¢. When run through coal bunkers, boiler rooms,
and where they are exposed to severe mechanical
injury, must be incased in approved conduit.

TABLE V
TABLE OF CAPACITY OF WIRES FOR MARINE WORK

Size of
B.&S.G. Sﬁectlaec.{rila: N;:‘rl::;sﬁ Bs't‘;agfla . Amperes

19 1,288

18 1,624 3
17 2,048

16 2,583 6
15 3,257

14 4,107 12

12 6,530 17

9,016 7 19 21

11,368 7 18 25

14,336 7 17 30

18,081 7 16 35

22,799 7 15 40

30,856 19 18 50

38,912 19 17 60

49,077 19 16 70

60,088 37 18 85

75,776 37 17 100

99,004 61 18 120

124,928 61 17 145

157,563 61 16 170

198,677 61 15 200

‘| 250,527 61 14 235

296,387 91 15 270

373,737 91 14 320

413,039 127 15 340

Portable Conductors—
Must be made of two stranded conductors, each
having a carrying capacity equivalent to not less
than No. 14 B. & S. wire, and each covered with an
approved insulation and covering.

Where not exposed to moisture or severe mechanical
injury, each stranded conductor must have a solid insulation

46—30

67
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at least gy inch in thickness and must show an insulation
resistance between conductors and between either conductor
and the ground of at least 50 megohms per mile after 2 weeks’
submersion in water at 70° F., and be protected by a slow-
burning, tough-braided, outer covering.
Where exposed to moisture and mechanical injury—as for
‘use on decks, holds, and firerooms—each stranded conductor
shall have a solid insulation, to be approved, of at least
" 4% inch in thickness and be protected by a tough braid. The
two conductors shall then be stranded together, using a jute
filling. The whole shall then be covered with a layer of
flax, either woven or braided, at least 3 inch in thickness,
and treated with a non-inflammable, waterproof compound.
After 1 week's submersion in water at 70° F., it must show
an insulation between the two conductors or between either
conductor and the ground of 50 megohms per mile.

Wooden moldings must be constructed according to the
requirements for ordinary interior-wiring work and in addi
tion must conform to the following rules:

a. Where molding is run over rivets, beams, etc.,
a backing strip must first be put up and the molding
secured to this.

6. Capping must be secured by brass screws.

Cut-Outs—

a. Must be placed at every point where a change
is made in the size of the wire (unless the cut-out
in the larger wire will protect the smaller).

6. In places such as upper decks, holds, cargo
spaces, and firerooms, a water-tight and fireproof
cut-out may be used, connecting directly to mains
when such cut-out supplies circuits requiring not
more than 660 watts energy.

c.  When placed anywhere except on switchboards
and certain places, as cargo spaces, holds, firerooms,
etc., where it is impossible to run from center of
distribution, they shall be in a cabinet lined with
fire-resisting material.

d. Except for motors, searchlights, and diving
lamps, shall be so placed that no group of lamps
requiring more than 660 watts shall ultimately be
dependent on one cut-out.

Fixtures—

a. Shall be mounted on blocks made from well-
scasoned lumber treated with two coats of white
lead or shellac.
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that the labor item can only be determined from a careful
inspection of the premises to be wired and experience on
work of a similar class. An ordinary two-story dwelling
house wired on the concealed knob-and-tube system will
require about 6 days’ labor of a man and helper. Some
small houses will require less than this. Old houses require
a much larger expenditure of labor, because there is liable to
be considerable molding work to be done.

It is unsafe to assume a certain cost per outlet in figuring
on a job of wiring unless one has been doing considerable
work of a certain class. As a rough guide, however, it may
be stated that ordinary dwellings wired on the concealed
knob-and-tube plan will cost from $2 to $3 per outlet.
This, of course, does dot include the fixtures, but should
cover the cost of snap switches and porcelain cut-outs.
Ordinary exposed wiring can usually be run for $1 to $1.75
per drop, including rosettes, cord, and sockets, though,
of course, very much depends on how closely the lights are
grouped. It is evident that if the lamps are scattered very
much, the cost of wire, porcelain fittings, and labor will ‘be
comparatively high, and this will increase the cost per drop.
Wiring with iron-armored conduit is expensive, but it is
substantial. For small installations, it will probably cost
from $5 to $6 per outlet; in large installations, the
cost will be somewhat less. It must be remembered that
these figures are only approximate. The cost in different
localities might vary widely from the above, and the only
way to make a fairly close estimate is to lay out the circuits,
make a list of the material needed, and estimate their cost
and the probable labor required.
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be used. The double-throw switches and connections nec-
essary to change over from the two-wire to the three-wire
system, where arc lamps are used, are shown in diagram in
Fig. 1 (a). A special four-pole double-throw switch was
installed. If there had been no arc lamps requiring the direc-
tion of the current to be constant, one three-pole double-throw
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switch, connected as in Fig. 1 (4), would have been sufficient.
The use of the three-wire system in this case involved no
saving in the lines, as that system extended only to the main
switchboard, beyond which the two-wire system was used.
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3. The large feeder cables were run from the engine
room to the centers of distribution in each of the various
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run to the generator switchboard, in an iron pipe, and con-
nected to a voltmeter on the switchboard. The terminals of
these pressure wires in the closet were connected, with proper
cut-out protection, to the terminals of the feeders. The
dynamo tender was, therefore, able from the indications of
the voltmeter to regulate his machines so as to maintain a
constant potential of 110 volts at the cabinets.

7. The show windows were lighted by enclosed-arc lamps
hung in the space above the goods displayed, but out of sight
from the street. Only the outer globes projected below the
dust-proof casing surrounding the window space. Thus,
brilliant illumination was secured with very little glare and
with great economy. The lamps were so arranged that they
could be lifted out of the globes whenever it was necessary
to trim them; but the globes were never removed, being
cleaned while in place. This arrangement proved very
effective and convenient. Additional circuits were run
to various points for connecting incandescent lamps and
special apparatus for holiday displays.

THEATER WIRING

8. The wiring of theaters and entertainment halls pre-
sents some peculiar features. All the lamps must be con-
trolled from one point, usually on the right wing of the stage.
Most of the lights on the stage are arranged in borders, or
long rows, that contain several circuits of lamps of various
colors, and are also usually provided with dimmers. There-
fore, the stage switchboard of a large theater is quite a com-
plicated affair compared with the distribution closets used in
ordinary work.

In cases where there are a large number of borders of
incandescent lamps, it is inconvenient to divide them into
circuits of only 660 watts, and permission can usually be
obtained from the Underwriters to place more lamps on such
circuits if special care is taken.

9. Stage dimmers are of two kinds—resistance boxes
and reactive coils. The latter are more economical, but can be
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burned at the same time. In such a case, it may be eco-
nomical to allow as much as 12.5 per cent. drop on the lines
and use 100-volt lamps on 112.5-volt service. One pair of
feeder lines will be run around the building, a distance of
1,000 feet. It is desired to have the drop such that there
will be 100 volts at any point between the lines when 112.5
volts is applied at the terminals; this can only be accom-
plished by running the lines in opposite directions and hav-
ing them change in size often enough to secure practically
uniform drop per foot. Fig. 2 (a) illustrates such an arrange-
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ment, and (4) shows the same thing drawn in a straight line
instcad of a square. This is sometimes called the ané:-
parallel method of feeding.

12. There will be a lamp for every foot, and there will
be required forty branches of No. 14 wire, with 25 lamps
on each branch, as shown in Fig. 2 (4). Weatherproof
wall rcceptacles will be used. The total length of wire
in the mains is 2,000 feect. The length of wire to any
given branch is 1,000 feet; hence, the rate of drop must be
12.5 volts per 1,000 feet. On account of the method of
feeding from each end, it is easily seen in Fig. 2 (4) that
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bring the joints between the different sizes of wire mid-
way between the points where the wires correspond. Hence,
in the first case, if there is a current of 7.88 amperes
32 feet from the end and a current of 4.96 amperes 20 feet

from the end, the joint will be 20 + 52=20 _ 26 feet from

the end and 26 feet of No. 14 wire will be required. Also, in
the case of the No. 8 and No. 6 wires, there is a current of
19.9 amperes 80 feet from the end and 31.7 amperes 127 feet

. Amperes Corresponding| Distance of Length of
Size of Giving Distance End of Wire Wire to
Wire 12.5 Volts From End of | From End of Be Used
per 1,000 Feet Line Line
14 4.96 20 26 26
12 7.88 32 41 15
10 12.5 50 65 24
8 19.9 8o 104 39
6 31.7 127 144 40
5 39.9 160 181 37
4 50.4 202 228 47
3 63.5 254 287 59
2 8o0.1 320 362 75
1 100.8 403 457 95
() 127.5 510 576 119
00 160.3 641 724 148
000 201.6 806 913 189
0000 255.1 1,020 1,000 87

from the end; hence, the joint between the two sizes will be

80 + 127 ;_30 In the table, the

nearest even number of feet is given, so that this is taken
as 104. In the case of the 0000 wire, the distance from the
end of the line corresponding to a drop of 12.5 volts works
out 1,020 feet, though, of course, there will not be quite as
large a current as 255.1 amperes because the line cannot be

= 103.5 feet from the end.
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resistance of about 1 ohm per 1,000 feet. The approximate
lengths of the feeders will be as given below:

Two lines 425 feet (two wires) long, 26.6 volts drop
Two lines 300 feet (two wires) long, 18.8 volts drop
Two lines 175 feet (two wires) long, 10.9 volts drop
Two lines 50 feet (two wires) long, 3.1 volts drop

The resistance of 425 feet (.425 thousand feet) of No. 10
wire is, approximately, .425 ohm and the drop in the first
case = 4% X .425 X 2 = 26.6. The others are found in a
similar manner. In the distribution, about 1 volt would
be lost. Consequently, if 125 volts is supplied, the lamps
should have voltages of 97, 105, 113, and 121 if each lamp
requires } ampere.

wooft.
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15. There are many other methods or plans by which
such a building could be wired for a large drop and still be
furnished with uniform and steady light. These suggestions
merely show how material may be saved. By making every
installation a matter of special study, until he -has thoroughly
mastered every detail of the business, the wireman will dis-
cover many ways of economizing labor and material that can-
not be brought to his attention in any other manner. Before
using any unusual method, however, he should make certain
that there is no objection on the part of the Underwriters or
of the Fire Department to what he proposes to do.
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started, will continue to burn even when the points between
.which it plays are separated several inches; and a lightning
discharge can easily start such an arc. High-potential
systems of over 550 volts are usually alternating. Series arc-
lighting circuits are the only important direct-current high-
potential circuits much used in the United States. With the
exception of arc lamps, it is seldom necessary to bring any
high-potential wires inside of buildings. Where alternating
current is used, the line pressure is lowered by means of trans-
formers, and it is never necessary to bring the high-pressure
wires farther than tk.e substations or transformer rooms.

18. Transformers.—The ordinary alternating-current
transformer consists of two coils of wire wound on an iron
core built up of thin sheets of iron. One of these coils, the
primary, has a comparatively large number of turns and is
connected to the high-pressure line. The other coil, the
secondary, has a small number of turns and is connected to
the lamps or other devices to be supplied with current. The
_ high-pressure current flows through the primary and sets up
an alternating magnetism through the secondary and induces
an E. M. F. that is proportional to the ratio of the number
of turns in the secondary coil to the number of turns in the
primary. For example, if the primary had five hundred
turns and the secondary fifty, the secondary voltage would
be w4, or 1'% the primary voltage, and if the primary were
supplied at 1,000 volts, the secondary would deliver 100 volts.
Special attention should be given to the following rules gov-
erning the installation of transformers. Cut-outs on primary
circuits must be of some pattern especially designed and
approved for the purpose; ordinary fuse blocks must not
be used for high voltages.

19. Rules Relating to Transformer Installation.

Transformers—

a. Must not be placed inside of any building,
excepting central stations, unless by special per-
mission of the Inspection Department having juris-
diction.
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4. Must only be furnished with such resistances
or regulators as are enclosed in non-combustible
material, such resistances being treated as sources
of heat. Incandescent lamps must not be used for
resistance devices.

¢. Must be supplied with globes and protected
by spark arresters and wire netting around globe,
as in the case of series arc lights.

Outside arc lamps must be suspended at least 8 feet above
sidewalks. Inside arc lamps must be placed out of reach or
suitably protected. :

22. Constant-Current Arc Lamps.—Arc lamps used
for street lighting are nearly always run in series. With
this arrangement the same current flows through all the
lamps and must be maintained at a constant value by the
generator, no matter how many lights may be in operation.
The voltage generated by the dynamo therefore varies with
the load and the current remains constant. This is just the
reverse of the constant-potential system. It is easily seen
that if the number of lamps is at all large, the pressure
applied to the circuit has to be very high; hence, arc lamps
connected to such a circuit must be treated as being on
a high-pressure system and wired accordingly. Series arc
lamps are also used for indoor illumination, though not as
extensively as formerly.

23. In all constant-potential installations, protective
devices are installed to open the circuit whenever the lines
are overloaded or the apparatus does not operate properly.
In constant-current working, the circuit must never be opened
while the dynamo is running. The protective devices used
on constant-potential working must, therefore, never be
installed on constant-current circuits.

ATl series-arc apparatus is thrown out of circuit by shunt-
ing or short-circuiting the main circuit before opening the
lines on which the apparatus is connected. The switch
should be constructed so that the lamp will be disconnected
from the line after it has been shunted and the switch should
indicate clearly whether it is on or off. It should also be
semi-automatic in its action; i.e., when the handle has been
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25. The tendency is to connect more and more arc
lamps on a series circuit. In the early days of electric
lighting, arc machines were made to operate 1, 2, or 3
lamps. The number was increased to 30 or 50, and finally
to 60, where the limit remained. for a few years. But
machines are now built to operate as many as 125 lamps
on a single circuit, and are in quite general use, although the
Underwriters prohibit the bringing of circuits of more than
3,500 volts (70 series arc lamps) within buildings. With
45 volts at the arc and 5 volts lost on the line for each lamp,
we have on a 125-lamp machine a total potential difference of
6,250 volts. A shock received through the human body from
such a circuit is almost sure to be fatal. Too much care
cannot be taken not only to insulate the wires and locate
them out of reach, but also to insulate the lamps. They
should be hung from an approved form of hanger board or
insulated supports, and not from hooks screwed into the
ceiling.

26. Incandescent Lamps on Series Circuits.—The
use of incandescent lamps connected in series for street
lighting is quite extensive, but such lamps are rarely brought
inside of buildings. When they are, the rules for other
classes of high-potential work apply. Each lamp must be.
provided with an automatic cut-out and must be suspended
from a hanger board by means of a rigid tube. Lamps
must not be connected in series-parallel or parallel-series
and under no circumstances should they be attached to gas
fixtures.

Incandescent lamps used on series circuits must be pro-
vided with fittings designed for that purpose. The rule
against series-parallel connections means that a connection
such as twenty 110-volt lamps in parallel must not be placed
in series with a 10-ampere arc-lighting system. The burning
out of onc or two incandescent lamps on such a system
would throw too much current on the others, burn them out,
and destroy the sockets. Many other reasons forbid such
connections.
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BELL WIRING

30. Electric bells, burglar alarms, and electric gas-
lighting appliances bring in another class of wiring with
which the wireman has to deal. If these appliances are put
in properly, they may be a great convenience; if not, they
are continually getting out of order and may prove to be a
regular nuisance. This class of work is often slighted and
put up in a cheap manner, but it will pay in the end to have
it put up carefully. The bells and annunciators that show
from what point the bell was rung are operated by primary
batteries, which are of low voltage, and no fire hazard is’
introduced if the bell wires are kept well separated and
insulated from electric light and power wires.

THE ELECTRIC BELL

31. The electric bell is a very simple piece of appa-
ratus. Fig. 5 shows a skeleton bell, in which all the parts are
visible. With the battery wires connected at the termi-
nals ¢, #, the course of the current is: From the terminal / to
the adjustment screw s, which is tipped with platinum in
order to prevent oxidation of the contact surface, through
the spring / and the end p of the armature to the coils of the
magnets m, m’, and out at the terminal #. When no current
is passing, the armature is held from the poles of the
electromagnets, as in the position shown, but as soon as a
battery circuit is closed and a current sent through the coils,
the magnets become energized and attract the armature a,
which swings about the pivot p, causing the hammer 4 to
strike the bell. This movement breaks the circuit between
s and /, and the iron cores being thereby demagnetized, the
spring ¢ draws the armature away, when the spring / again
touches the screw s, completing the circuit. As long,
then, as the battery current is free to flow, this vibration of
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‘“‘depolarizing” agent, such as manganese dioxide. The
effectiveness of a carbon-zinc cell depends largely on the
materials of which the carbon element is made and the skill
used in its manufacture. Burning the carbons too much or
too little in the process of manufacture makes them inferior.
Some manufacturers make inferior carbons and then treat
them with sulphuric acid, to make them operate with vigor
when first installed. Such cells soon become polarized, and
in the course of a few weeks or months are very inferior,
not because of the acid so much as because of the poor
quality of the carbon. Dry cells are very convenient, but as
a rule they do not last as long as wet cells. Sometimes they
can be recharged by sending a current through them in a
direction opposite to that in which they furnish current, but
such recharging does not last long. When dry cells have
run down, the cheapest and most satisfactory way in the end
is to throw them away and get new ones. Suitable cells
for bell operation are: ILeclanché, Carbon Cylinder, Fuller
Bichromate, Dry Cells, Gordon, and Edison-Lalande. The
two last named are particularly useful on circuits where the
insulation is poor and where there is, consequently, consid-
erable leakage, as, for example, on signal circuits in mines.

37. In a few cases, as in certain burglar-alarm sys-
tems, the circuit is normally closed and the opening of the
circuit interrupts the current. In these systems, the battery
must be capable of furnishing current steadily; that is,
it must be of the closed-circuit type. The gravity cell is a
common closed-circuit type and is well adapted for work
where a small steady current is desired; in fact, gravity
cells will get out of order if allowed to stand for any
great length of time on open circuit.

OPERATING BELLS FROM LIGHTING CIRCUITS

38. It is sometimes convenient to operate an electric bell
from an incandescent lighting circuit. This may be done
when direct current is used to operate the lamps, but if
alternating current is used, an ordinary bell will work very
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such that they will not be used during certain hours each
day, the cells can be charged during this interval and only
one set will be needed. Storage cells are somewhat high
in first cost as compared with ordinary primary cells, but
one storage cell gives about twice the voltage of an ordinary
sal-ammoniac cell, so that only half as many are required for
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a given voltage. In Fig. 9, lamps or some other form of
resistance must be connected in series when charging the
cells in order to limit the current. By using storage batteries,
as shown in Fig. 9, the bell wiring is never connected to the
lighting circuits and it does not need to conform to the
Underwriters’ requirements for light or power wiring.

ANNUNCIATORS

40. When a number of push buttons are installed, it
is convenient to have an indicating device to show from
which button the bell is rung. This instrument is called
an annunciator. An ordinary house style is shown in
Fig. 10. On the face are rows of small windows, before one
of which an indicator appears when the bell rings, showing
from which room the signal has been sent. A handle 4 at
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from either station independently of the position of the
switch at the other station. Fig. 16 shows a method of
controlling a bell from three stations. It is the same as
Fig. 15 except that a four-point switch is cut in for the
intermediate station. In one position, points 1,2 and 3,4
are connected, as shown, by the dotted lines. In the other
position, points 1,3 and 2,4 are connected. The connec-
tions shown in Figs. 15 and 16 correspond to those used for
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the control of incandescent lamps from two or more points
and by adding an additional four-point switch to Fig. 16 for
each intermediate station the plan can be extended to any
number of stations.

Placing bells in parallel requires a larger volume of cur-
rent to be supplied than when they are in series, because
the total current subdivides among all the bells. This calls
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for a large battery and large wires. When the branch
circuit containing one bell is very much longer, and bence
of higher resistance than the branch containing another bell,
the current will not divide equally between the two bells,

Front Door Bell Rear Door Bel.
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and hence the parallel arrangement may not be satisfactory

in such cases. Placing the bells in series requires an addi-

tional cell or two, but no larger wire is needed.
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44. Wiring for Simple Annunciator.—A wiring dia-
gram for a simple annunciator system is shown in Fig. 17.
The pushes 1, 2, 3, etc. are located at convenient points in
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the various rooms, one terminal being connected to the
battery wire 4 and the other to the leading wire / communi-
cating with the annunciator drop corresponding to that
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room. The battery wire is run from one pole of the battery
direct to one side of each of the pushes. The other side of
each push is then connected to its drop on the annunciator.
A battery of three or four Leclanché cells is placed at B in
— = any convenient loca.ltion, but

?1 ?, s’i) should not be set in a dark

or inaccessible spot or be

@L‘ @L‘ ’4? exposed to frost.

45. Wiringfor Return-
Call Annunciator.—One
b ! of the many methods for
connecting return-call annun-
ciators is shown in Fig. 18.
It requires one leading wire

B from each station to the an-
—illM—' nunciator and two battery

Fio. 17 connections to each station,
as indicated by the branches from the heavy battery wires.
The annunciator board is divided into two parts—the
upper part having the bell and the numbered drops, and
the lower the return-call push buttons. Each room is also
provided with a double-contact push, such as is shown in
Fig. 19. The tongue / makes connection normally with
the upper contact ¢, but when pressure is put on the
button £ the tongue is forced against the lower contact ¢
and connection with the upper contact is broken. The
return-call buttons on the lower part of the annunciator are
of the same description. Assume, in Fig. 18, that the button
in room 1 is pressed; current can then flow from the + side
of the batterv—annunciator bell-drop 7-upper contact of but-
ton 7-tongue of button 7’-negative side of battery by way
of lower contact on 1”7 since this button is supposed to be
pressed down. This rings the annunciator bell and operates
drop 1. As soon as 1” is released, the tongue makes con-
tact with the upper point as indicated. To send the
return, signal button on the annunciator 7’ is pressed, thus
allowing current to flow from positive side of battery-bell
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push buttons at each. Any bell other than the one at the
calling station can be rung by pressing the corresponding
button, and the bell at any given station can be rung from
any of the other four stations.

49. Bell Wiring for Flats.—Fig. 23 shows a plan of
wiring for door bells in flats. Four push buttons are placed
at the main-hall entrance. Each
. flat is also provided with a push
P button at its front door and a
second push button at the rear
door. The rear-door button
operates a buzzer so that a
signal from it can be dis-
tinguished from a front-door
signal. )

push button

50. Wiring for Fire-

Alarm Gongs.—The wiring

shown in Fig. 24 is suitable

where fire-alarm gongs are in-

. stalled. All the gongs ring
2 ‘ when an alarm is sent from a
station and an annunciator is
placed at each station to indi-
cate the point from which the
alarm was sent in. If the
switch at station 3, for ex-
ample, is closed, all three
gongs will ring and drop 3 on
each annunciator will indicate
the point from which the alarm
+ 'N is sent. The dotted lines indi-
Fic. 28 cate another method of install-

ing the battery. If connections a, a, a are omitted, bat-
teries 4, b, & placed at each station, and the main battery
replaced by connection ¢, the system as a whole will be
more reliable than if a single battery were used, because
if one of the batteries fails it only cuts out of action the
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corresponding bell and annunciator and the others continue
to operate.

51. In installing annunciator systems, it is usual to run
the battery wire, which is No. 14 or No. 16 annunciator wire,
through the building at some central portion. If there are
many rooms, it will be advisable to splice on a length of
No. 18 wire to extend from the push in each room to the

Fic. 24

battery wire. The connection from the other side of the
push button to the annunciator, that is. the leading wire,
should be No. 18. For the return-call system, a battery of
four or five Leclanché cells is required.

All wires used in annunciator service should have dis-
tinguishing colors to prevent confusion. The battery wire
may be blue, the return wire red, and the leading wires
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white. This arrangement will greatly simplify the connec-
tions and reduce the liability of mistake.

52. Wiring for Elevator Annunciator.—The wiring
for an elevator annunciator does not differ greatly from that
of a simple annunciator; in fact, the scheme of connections
is essentially the same. A battery wire 4, Fig. 25, is run up
the shaft and connected to each push button on the different
floors. The return wires from each button are then carried

to a point a at the middle of the shaft,
where they should terminate in a small
connection board, so that they may be
readily disconnected from the wires in the
cable running to the cage ¢. The wires
running from the connection board to
the cage are in the form of a flexible
cable, which is made especially for this
kind of work. This cable contains one
more wire than there are push buttons,
because it has to provide for the retiurn
wire 7.

SPECIAL APPLIANCES

53. The Automatic Drop.—For
special alarm purposes, it is sometimes
desirable that the bell should continue to
ring after the push is released. This is
accomplished by the use of an automatic
drop, which closes an extra, or shunt,
circuit as soon as a current passes along
the main circuit. Fig. 26 shows two
views of an automatic drop, A being
a side elevation and 2 a front view with the cover removed.
There are three terminals on the baseboard; those marked a
and & are connected to the ends of the magnet coil, the
end at 6 being also connected to the frame f; terminal ¢
makes connection to the spring contact &, which is insulated
from the frame and all other wires. The bell circuit is
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the shunt circuit around the push button and allowing the
bell to ring until the small lever has been restored to its
normal position.

55. Two-Point Switch.—When two bells are arranged
to ring from one push button, it is sometimes desirable tc
cut one of them out during some part of the day. For
this purpose a small switch, Fig. 28, is used, by means of
which one bell, when connected
in series with the other, may
be short-circuited. The wires
are run to the back of the
switch, one connection being
to the lever arm at a, the other
to the contact piece 4.

2 56. Door Openers.—In
F1e.28 apartment houses, banks, and
other places it is often convenient to have the latch on a
door arranged so that the door may be unlocked from some
distant point. For this purpose door openers are used.
These are made in a number of different styles, the mecha-
nism differing with the different makes. In all of them,
however, the unlocking is effected by means of an electro-
magnet, which is connected to the push and battery in
the same way as an ordinary bell.

BURGLAR ALARMS

57. Automatic switches may be placed on windows and
doors, in connection with alarm bells, to indicate when
entrance into a building is being forced. There are three
methods of installing these alarms—the open-circuit, the
closed-circuit, and the combined open-and-closed circuit
systems. In the open-circuit system, which is the one
usually employed, the connections are similar to those of an
ordinary electric-bell circuit, the automatic circuit-closing
device being substituted for the push button. There are
many difterent kinds of window springs made, one of which






42 INTERIOR WIRING §45

annunciators, the bell is arranged to ring continuously when
once it is started. This may be done in various ways, one
of which is indicated by the dotted lines in the figure,
whereby a circuit through the bell 7, resistance », and
battery B is closed when any shutter drops.
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59. Closed-Circuit S8ystem.—In Fig. 31 is shown a
closed-circuit burglar-alarm system, so called because current
normally flows through the various circuits, and the bell
only rings when the circuit is opened. The current that
flows normally through the various circuits from the
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battery /73, energizes the relays 7,,». and keeps the local
bell circuit open. Should the circuit be opened by opening
a door or window or by breaking a wire, as at ¢,, the relay »,
will release its armature and thereby allow current from the
local battery L B to ring the bell z, which will not stop until
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long as the push button is pressed, the action being similar
to that of an electric bell. The second coil 4 is grounded at
the inner end, and when a current is sent through, the
.armature g’ is raised, turning the valve and cutting off the
supply of gas. Automatic burners are convenient where it
is wished to light or extinguish a gas jet from some distant
point, but they are not very safe because of their liability to
leak gas. They are used principally in hallways where it is
desired to light or extinguish the gas from any floor.

ARRANGEMENT OF LIGHTING APPARATUS

65. To light gas by electricity, a spark of considerable
intensity must be produced.. This can be done by means
of batteries and induction coils or by an electrostatic dis-
charger. For the parallel system
used with the burners just described,
a spark coll is employed to supply
a good spark. Fig. 35 shows an
ordinary spark coil which is made up
of an iron core about { inch in diameter and 8 inches long,
built up out of soft-iron wire and wound with five or six
layers of No. 18 magnet wire. The coil # is connected in

Fic. 36

series with the cells ¢, as indicated in Fig. 36. The battery
should have at least six cells for satisfactory service. One
end of the coil is connected to the gas pipe p. When the
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pendant is pulled, the tip makes contact and a current is
established through the circuit. When the circuit is broken,
the self-induction of coil £ causes a bright spark at the
break. In case a ground occurred on the wiring, there would
be a steady flow of current from the battery which would
soon run it down. To give notice of such current leakage,
the spark coil can be provided with an armature 4 that will
be attracted by a steady flow of current in 42 and thus allow
current from the local battery e to flow through bell #, giving
a signal. The momentary current that flows in # whenever
a burner is lighted would not usually flow long enough to
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attract . In more expensive installations, separate wires
are run for both sides of the circuit and the gas pipe is not
used as one side.

66. The wires are usually run on the outside of the gas
fixtures, but they may be concealed, if there is sufficient
room, between the fixture shells and the gas pipe. It is
advisable to use wire provided with good insulation, for
grounds on the fixtures are liable to occur. Where fixtures
are wired on the outside, the wires should be painted or
made with the proper colored insulation, so as not to show;
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but they must not be painted with bronze or metallic paint,
which would penetrate the insulation and cause grounds,
unless rubber-covered wire were used.

67. To make the location of grounds easy, it is advis-
able to run separate wires from a distributing point near the
battery to each fixture or group of fixtures. The wires can
be connected together at that point by means of a connecting
board, at which any fixture can be disconnected. This
makes the location and removal of grounds an easy matter.
Fig. 37 shows the general arrangement of a system using
both plain pendant and automatic burners. The distributing
board is shown at . The automatic burner is provided
with a double push button ¢. When the dark button is
pressed, the light is extinguished; when the light button
is pushed, the gas is turned on and lighted.

The Underwriters’ rules now prohibit the use of electric
gas lighting on combination fixtures that are also equipped
with electric light. There is too much danger of the gas-
lighting wiring coming in contact with the electric-light
wiring. Moreover, where there is electric light on a fixture
there is little need for electric gas lighting because at best,
the only excuse for electric gas lighting is that it makes gas
nearly as convenient as electric light so far as turning the
licht on and off is concerned. Eleetric light has now
replaced gas to such an extent in hotels, theaters, churches,
and other public places, to say nothing of private houses,
that electric gas lighting appliances are going out of use.
Thesce outfits are a continual source of annoyance, unless
they are kept in good condition and they are specially
liable to get out of order in private houses where they
are not, as a rule, properly attended to.
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